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Preface 


More than 50 years ago I went to Arabia as a young geologist and was fascinated 
by its desert landforms and its hospitable people. In retrospect, I have spent more 
than half my life there, first in exploration for oil, and a greater part in geological 
education. As I have travelled widely in Arab countries, it seemed only appropri- 
ate to put together my thoughts and observations on the varied desert landforms 
of Arabia that have so impressed me. 

When I first arrived in Arabia in 1954, it was sparsely peopled and many tribal 
people had never seen a motor vehicle before. Our efforts then resulted in the dis- 
covery of the first oilfield in Oman, at Marmul in 1955. Now, oil wealth has trans- 
formed Arabia, so that many of its people live in air conditioned housing and, 
even opulence, quite different from their forebears. Nevertheless, the great major- 
ity of Arabia’s 120 million inhabitants still live in desert conditions, and only 
some areas like Lebanon, western Syria, and parts of the Yemen highlands have 
milder climates. 

The great sand dune deserts of Arabia are amongst the largest in the world and 
Ar Rub‘ al Khali, or the Empty Quarter, is the world’s largest continuous sand 
desert. Where else can one find great linear dunes, which the Arabs call ‘uruq or 
veins, running for hundreds of kilometres, indeed, up to 500 km long for a few 
individual ‘uruq? Many other giant transverse sand dunes also extend for over 
100 km and are up to 230 m high. Here, I have attempted to record, classify, and 
explain the great many different forms of sand dunes encountered in Arabia cov- 
ering an area the size of France and Britain combined. My observations on the 
‘Evolution of the Rub‘ al Khali Desert’ were first published in 1989. 

These sand deserts are far from the only deserts in Arabia, and vast areas of 
western Saudi Arabia, Jordan, Syria, and Yemen are covered by the rugged ter- 
rain of lava fields, or harrah, some of quite recent origin. Their black surfaces 
absorb maximum heat, unlike the light reflective sand deserts, and form a par- 
ticularly inhospitable type of rocky desert. Widespread gravel deserts known as 
hamadah also cover large parts of northern Arabia, including much of the 
Syrian Desert. 

Along the coasts of Arabia, extensive saline flats are so well developed, that 
they have been adopted by geologists as the type for sabkhah, whose gypsiferous 
deposits develop into anhydrite, an important cap rock in oilfields worldwide. 
These sabkhah areas not only form distinctive saline deserts along the coasts of 
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the southern Persian Gulf and eastern Red Sea, but are also found inland as 
widespread continental sabkhah where saline groundwater is near the surface. 

In the hot arid environment of most of Arabia with evaporation exceeding 
rainfall by more than one hundred times, drainage is almost all in the form of dry 
watercourses known as wadis, or more correctly widyan. Their flow is so infre- 
quent as to lead to the formation of many enclosed drainage basins often with 
claypan deposits, known locally as qa‘, or khabra’. These frequently cover large 
areas and are another type of desert. 

Even the plateaux and mountains of Arabia are generally so dry that they con- 
stitute two further types of deserts with difficult terrain and their own character- 
istics. The large Hadramawt Plateau of southern Yemen and Al Hajar, or Oman 
Mountains, of northern Oman are examples of these desert types. 

In this book, I have attempted to cover all of Arabia and all the various types of 
deserts that are found there. Examples are given for each type and these are 
mostly illustrated by photos taken in the course of my work and travels through- 
out Arabia from 1954 onwards. In some cases colleagues have kindly provided 
additional photos. In other cases I have relied upon satellite imagery, especially 
NASA's near-infrared Landsat 7, and Aster images made available by the U. S. 
Geological Survey, as well as occasional high resolution scenes released by SPOT 
Image. The seamless Landsat 7 2000 series imagery from NASA's John C. Stennis 
Space Center has proved especially useful. 

I have lived and worked in Oman, Saudi Arabia, and Lebanon, in addition to 
field work in Syria, Jordan, and Kuwait, as well as travels in Iraq, Yemen, and in 
Palestine before 1967. These experiences have given me a fairly comprehensive 
coverage of the deserts of Arabia, Some of my observations and interpretations 
are already published in some 24 publications on various aspects of the geology, 
geomorphology and hydrogeology of Arabia, as well as in 20 reports, 6 of which 
are coauthored. 

Although I have taken considerable care with details of places and facts, some 
readers may find other place names more suitable. Here, I have followed the 
instructions of the Permanent Committee for Geographic Names with regard to 
Arabic place names. So many Arabic terms have been used or misused in the geo- 
logical literature that I have felt it necessary to append a Glossary of Arabic Terms 
for Arabian deserts, to which the reader may refer. 

Early European travellers too found a certain fascination with the deserts of 
Arabia, and it is interesting to see that one of the few reasonable published 
accounts of the 57,000 km? An Nafud Desert and much of northern Saudi 
Arabia is by Lady Anne Blunt in 1881. A good description of the terrain and lava 
fields of northern Arabia is also given by Doughty (1888). Classic travel accounts 
of Ar Rub‘ al Khali Desert are given in the books of Thomas (1932), Philby 
(1933), and Thesiger (1959). 

Apart from major map sources, I have gone carefully through a multitude of 
available publications on or related to, the deserts of Arabia and have tried to 
incorporate their main findings. 
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Since the Arabian American Oil Company (now the Saudi Arabian Oil 
Company) became established in 1948, numerous geological surveys of Saudi 
Arabia took place mostly published as a series of detailed maps by the U. S. 
Geological Survey beginning in 1963. The author prepared the first geological 
map of southern Oman in 1956. For the Oman Mountains of northern Oman a 
team of Shell Oil geologists prepared the first published map in 1974 (Glennie 
et al., 1974). Details for the Syrian Arab Republic by a team of Russian geologists 
are integrated in the work of Ponikarov et al., (1967). The basic references for 
Jordan are the 1968 ‘Geologische Karte von Jordanien’ by the Bundesantalt fiir 
Bodenforschung and Bender’s ‘Geologie von Jordanien’ (1968). For much of 
Yemen one has to still rely on the work of von Wissmann et al., (1942), although 
Beydoun’s geological accounts of the East Aden Protectorate, now southern 
Yemen (1964, 1966) are still relevant. For Iraq, a comprehensive map in 2 sheets 
published by the Directorate General of Geological Survey and Mineral 
Investigation in 1986 provides coverage at a scale.1: 1 million. 

All the above works are essentially geological and pay little attention to the 
nature of desert landforms, their origin and development. This book considers the 
many aspects of Arabian deserts not only as developing landforms, but also in 
relation to climate, palaeoclimate, ecology, and sedimentology. I have attempted 
to trace the history of the development of the deserts of Arabia and to show the 
ways in which these have been dated, as well as to indicate further methods by 
which they may be dated and studied. 
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Image Analysis Laboratory, NASA Johnson Space Center). 

Mean January (winter) isotherms for Arabia. 
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Energy Atlas”, Al-Ansari et al., 1986). 

Summer winds (June-August). (from “Saudi Arabian Wind 
Energy Atlas”, Al-Ansari et al., 1986). 

The Kharif or South-West Monsoon, with its moisture-laden winds 
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The Jabal Qara mountain plateau in Dhofar, southern Oman dur- 
ing the Kharif, or South-West Monsoon. There is a bright green 
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Forssk. (Botanical identification by J. P. Mandaville). 
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entering from the east midway between Lake Tiberias and the 
Dead Sea, and Wadi al Mujib entering the Dead Sea also from the 
east. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 

Detailed drainage pattern for Arabia. Note the absence of drainage 
in all the major sand desert areas, which appear white or yellow. 
Non-perennial watercourses are in black and permanent streams or 
semi-permanent streams are in red, while permanently wet areas 
appear in blue. (Constructed from data in Hearn et al., 2003). 
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Travertine filled valley of Wadi Darbat with a 130 m high cliff, 
called the Dahaq Thuari, facing south to the Dhofar coastal plain, 
southern Oman. (Photo by H. S. Edgell). 

Darbat freshwater lake in Wadi Darbat behind the Dahaq Thuari, 
Dhofar, southern Oman, 1955. Major St.John Armitage, with two 
askaris of the Sultan’s Dhofar Defence Force , and Bill Terry of the 
American Foundation for the Study of Man. (Photo by H. S. Edgell). 
Wadi Hadramawt near Sayun (Saiwun). Lower slopes are clastics 
of the sandy Cretaceous Tawilah Group, the cliffs are of lime- 
stones of the Paleocene-Lower Eocene Umm er Radhuma 
Formation, and the low scarp on the skyline is the Middle Eocene 
Dammam Formation. (Photo by H. S. Edgell). 

View of the south side of Wadi Hadramawt at Sayun (Saiwun). 
Note the cliff of Paleogene Umm er Radhuma Formation in the 
top left and the lower slopes of the thick Cretaceous Tawilah 
Group. (Photo by H. S. Edgell). 

Geological map of the central Wadi Hadramawt from Arabsat 
imagery. Scale 1:1,760,500. (After Edgell 1987f). 

Najran Dam in Precambrian crystalline rocks of the southern 
Arabian Shield on Wadi Najran, in south-western Saudi Arabia. 
(Photo by H. S. Edgell). 

Widyan of the Tihamat al Yemen descending from the Yemen 
highlands with many closely spaced, braided watercourses, as seen 
near Al Mukha (Mocha). Image width is 100 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

‘Ayun Khuddud Spring at Al Hufuf, view of the main pool. (Photo 
by H. S. Edgell). 

Geological cross section of the Ghawar Anticline and Al Hufuf 
(Hofuf) areas showing groundwater from the main Umm er 
Radhuma aquifer and Alat and Khobar aquifers leaking up 
through the karstified Dam Formation limestone to appear as 
springs at Al Hufuf. (Modified from B.R.G.M. 1977). 

Old Portuguese fort on Tarut Island. A warm freshwater spring, 
known as the ‘womens’ spring,’ emerges at the lower right below 
the corrugated iron, so that it is forbidden to climb the jabal. 
Neolithic implements were found in a crevice just above the stone 
wall. (Photo by H. S. Edgell). 

The oases of Tarut Island and the nearby city of Qatif. Ra’s 
Tannurah is seen in the upper right corner. Image width is 20 km. 
(NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Satellite image of Al Ain, the major Buraimi oasis, situated on 
Wadi al Ain to its south and Wadi al Jimi to its north. Jabal Hafit 
anticline appears in the lower mid right. Image width is 25 km. 
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(U.S. Geological Survey Aster VNIR Image ID: 
AST_LIB.003.201561726). 

Bahla, an oasis town in interior Oman. View looking north 

from Bahla Fort across date gardens to the Oman Mountains, 

or Al Hajar. (Photo by H. S. Edgell). 

Balad Seet, a mountain village in Jabal Akhdar in the higher parts 
of the Oman Mountains, or Al Hajar Al Gharbi. (Photo repro- 
duced by kind permission of A. Buerkert). 

Shisur sinkhole in limestones of the Middle Eocene Dammam 
Formation in the najd of interior Dhofar, southern Oman. Traces 
of an old wall can be seen around the sinkhole as it is the only 
waterhole for 100 km, and it exposes the Dammam aquifer. (RAF 
air photograph 1959). 

Shisur sinkhole looking north-west down the partly in-filled sand 
slope to the water in the Dammam aquifer in 1955. Geologists are 
Hal Knudsen and Bill Shellenberger. (Photo by H. S. Edgell). 

View of Shibam looking north. This unusual city in western Wadi 
Hadramawt, southern Yemen, has multistoried buildings. The arid 
desert climate preserves the largely mud brick houses. Cliffs in the 
background are Lower Tertiary limestones of the Umm er Radhuma 
Formation, and the lower slopes are sandstones and siltstones of the 
Cretaceous Tawilah Group. (Photo courtesy of “Yemen Times”). 
View of part of the remarkably well-built wall of the ancient 
Ma’rib Dam on the western margin of the Ramlat as Sab’atayn, 
Yemen. (Photo by H. S. Edgell). 

View of the entrance to Petra through the narrow Siq of Wadi Musa. 
This ancient city lies in the desert plateau of south-western Jordan in 
gorges in the Cambrian Siq Sandstone and is a type of oasis founded 
by careful use of water runoff. The Khazineh, an impressive tomb at 
the entrance to the old Nabataean city of Petra can be seen as one 
leaves the narrow Siq and enters Petra. (Photo by H. S. Edgell). 

SPOT image of the central part of Wadi as Sirhan seen as a sinu- 
ous grey watercourse extending from top middle to lower right 
corner. Width of the image is 40 km. (Image courtesy of © 
CNES/SPOT Image 1992-1994). 

View of a shiqq, or interdune, and megabarchanoid dune near 
Ash Shaybah. Note the line of vegetation due to seepage near 
dune base (centre to middle right). Bushes in the foreground are 
of the salt tolerant Zygophyllum community. (Photo by Shaybah 
road sand hazards evaluation group, Al-Hinai et al 1991). 


Arabian sand seas. 

World sand seas larger than 12,000 km2. (Reprinted from 
“Sedimentology” v. 19, Wilson, I. G. Aeolian bedforms - their devel- 
opment and origins. 173—219, 1972, with permission of Elsevier). 


Fig.7.2. 


Fig.7.3. 


Fig.7.4. 


Fig.7.5. 
Fig.7.6. 


Fig.7.7. 


Fig.7.8. 


Fig.7.9. 


Fig.7.10. 


Fig.7.11. 


Fig.7.12. 


Fig.7.13. 


List of Illustrations Xxix 


Tectonic framework of the Rub‘ al Khali Basin, or Embayment 
(After Edgell 1989a). 

Geological map of Ar Rub‘ al Khali Desert and surrounding areas. 
The sands of this desert appear here in light grey. (After Edgell 
2004). (See CD for colour version and legend). 

Topographical map of Ar Rub‘ al Khali Desert. Contours in 
metres. The border of the Rub‘ al Khali is marked by a dashed 
line. (Map constructed from raw elevation data). 

Locality map for the Rub‘ al Khali and adjacent areas. 

‘Uruq of the south-western Rub‘ al Khali showing their remark- 
ably uniform spacing and great length due to the Taylor-Couette 
Effect and the Shamal. There are over 70 giant linear dunes in this 
Gemini space photo. The northern border of the Hadramawt is in 
the lower right corner. Image width is 120 km. (Image courtesy of 
the Image Analysis Laboratory, NASA Johnson Space Center). 
‘Urug, or large linear dunes in the Shaqqat al Kharitah, 
south—western Rub‘ al Khali. Each dune is from 0.75 km to 1 km 
wide and 50-60 m high. Interdunes or shuquq are typically 3 to 4 
km wide. Note the chevron pattern of small, linear, seif dunes on 
the ‘uruq and the pattern of zibar here mostly on the south-east- 
ern side of the interdunes. Image width is 25 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Uniformly spaced, large, linear dunes, or ‘uruq of the ‘Uruq al 
Muwarid in the south central Rub‘ al Khali. These dunes extend 
for hundreds of kilometres. Image width is 58 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
‘Urug, or giant linear dunes of the ‘Urugq Bani Ma’arid, in the 
west south-western Rub‘ al Khali. Dune heights range from 80 m 
up to 160 m. Note the numerous somewhat tangential zibar on 
the flanks of the ‘uruq. Image is 12 km wide centred at lat. 19.6° 
N; long. 45.8° E. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

View of the irregular crest of an ‘irq in the SW Rub‘ al Khali 128 km 
WSW of Ash Sharawrah (Photograph credit C. Irvine and K. Long). 
View of ‘uruq with relatively level crest lines in southern “Uruq 
al Awarik looking NW across dune crests. (Photo credit 

E. Mandaville, “Saudi Aramco World” /PADIA). 

Smaller, 20 m high, closer spaced ‘uruq of the “Uruq al Awarik 
(top left) truncating and overriding large, 50 to 80 m high, 
widely spaced ‘uruq of the “Uruq al Qa‘amiyat (lower right) in 
the south—western Rub‘ al Khali. Image width is 55 km lat. 
18.62° N; long. 47.32° E. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

Barchanoid dune ridges of Al Liwa’ advancing south—eastward 
onto giant megabarchans and megabarchanoid ridges. Image 
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width is 30 km centred at lat. 23.0° N; long. 53.2° E. (U.S. 
Geological Survey Aster VNIR image ID: 
AST_LIB.003.2019214917). 

Rows of laterally linked megabarchans standing 120 to 180 m 
above the intervening sabkhah-surfaced interdunes in ‘Uruq ash 
Shaybah, north-eastern Rub‘ al Khali. Note the small barchans 
on their surfaces (lower left centre) and more commonly a net- 
work of small sigmoidal dunes on megabarchan surfaces. Image 
width is 22 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Small barchanoid dune ridges, 4 to 5 m high, developed on the 
windward side of a large megabarchan in the ‘Uruq ash Shaybah 
by secondary easterly winds. (Photo from Saudi Arabian Oil 
Company Shaybah Calendar for 2002). 

Dome dunes in Ramlat Umm Gharib, southern Rub‘ al Khali. The 
dome dunes have a pattern of short linear to reticulate seif dunes 
on their surfaces. Image width is 8 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Late Pleistocene lake bed marl deposits, Al Mundafan area, 
south—western Rub‘ al Khali (Photo credit H. A. McClure, “Saudi 
Aramco World”/ PADIA). 

Late Pleistocene lake bed deposits between dunes in the 
south—western Rub‘ al Khali. (Photo credit H. A. McClure “Saudi 
Aramco World” 1989/PADIA). 

Hippopotamus teeth from the Late Pleistocene lake beds of the 
south—western Rub‘ al Khali. (Photo credit M. S. Shabeeb, “Saudi 
Aramco World” 1989/PADIA). 

Dune type distribution in the Rub‘ al Khali Desert and surround- 
ings. 

Geological setting of An Nafud Desert in northern Saudi Arabia 
annotated with standard geological symbols. The detailed 
drainage is added to show how An Nafud has no drainage. 
(Constructed from data in Hearn et al 2003). 

Broad linear dunes of the central Nafud bearing giant crescentic 
hollows and slip faces facing east. Photo looking north-west. 
(After Holm, reproduced by permission of “Science”, No. 3437, 
Fig. 3, p. 1373, photo credit Saudi Arabian Oil Company). 

Large linear dunes, or ‘uruq 40—60 m high of the north-central 
An Nafud with small linear dunes on their surfaces. Numerous 
crescentic slip faces representing lines of barchans lie mainly in 
the interdunes and only occasionally on the ‘uruq. Inverting 

the image makes the pattern clearer. Image width is 12 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 
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View of a broad linear dune in the southern An Nafud showing 
well-established vegetation on the nearly stabilized crescentic slip 
face. (Photo reproduced by kind permission of F. Oberlaender). 
Star dunes with 3—5 arms in the eastern An Nafud Desert, north- 
ern Saudi Arabia. Note their linear arrangement. Farther west, 
they merge into broad ‘uruq, or giant linear dunes. The darker 
bands are salty sabkhah areas of shuqug, or interdunes. Image 
width is 5 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Barchanoid dune ridges, here about 100 m high on the central 
western edge of An Nafud. Stoss slopes are relatively broad with fre- 
quent irregular seif dunes. The bare area on the west (left) consists 
of Palaeozoic beds swept clear of sand by westerly winds. Image 
width is 12 km and is clearer viewed inverted. (NASA Landsat 

7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Distribution of different dune types in An Nafud Desert. 

Lake beds of Early Holocene age, 7.5 km E. of Jubbah, southern 
An Nafud, northern Saudi Arabia seen on the right behind fence. 
Lower Palaeozoic sandstones of the Saq and Tabuk formations of 
Jabal Umm Silman in background and sand dune in foreground 
and left. (Photo credit C. Newman). 

A composite of two images showing Ad Dahna Desert extending in a 
great outer arc around the escarpments of the Interior Homocline 
from upper left corner where it joins An Nafud to near lower right 
edge, where it joins the Rub‘ al Khali. The Arabian Shield is on the 
west (left) and the Nafud ad Dahi can be seen extending northward 
from the middle of the lower edge. Image width is 645 km. (NASA 
Landsat 7 images 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Closely spaced linear sand dunes in the narrower northern Ad 
Dahna. Image width is 20 km. (Image ISSO05-E-9293_1000; 
Courtesy of NASA Earth Observatory). 

Star dunes on ‘uruq of the north-eastern Ad Dahna in the Hawmat 
an Niqan area, NE Saudi Arabia, as seen in the lower four ‘uruq. 
Image width is 6 km. Individual star dunes are over 100 m high 
and up to 1.5 km in diameter. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

Large, chevron-shaped dune complexes of the southern Al 
Jafurah Desert composed of barchanoid ridges, and barchans on 
their leeward sides. Image width is 15 km. (NASA Landsat 

7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Barchan dunefield on Sabkhat ad Dabbiyah, west of Qatif. Image 
width is 4 km. Small nested parabolic dunes occur on the 
south-east (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 
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Fig.7.35b. 


Fig.7.36. 


Fig.7.37. 


Fig 7.38. 


Fig.7.39. 


List of Illustrations 


Wind rose for Ad Dhahran, typical for the Jafurah Desert. The red 
line represents wind direction (i.e. the direction winds come from) 
in percent. (From ‘Saudi Arabian Wind Energy Atlas, Al-Ansari 
et al., 1986). 

Ramlat as Sab’atayn — a mosaic of Landsat 7 images. The sinuous 
linear dunes or ‘uruq are quite different from those of the Rub‘ al 
Khali. Image width is 260 km. (Source NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Ramlat as Sab’atayn eastern part, showing large curved linear 
dunes, or ‘uruq from lower centre to top right, with numerous 
small barchan dunes, with south—east-facing slip faces on their 
surfaces, and especially occurring in interdunes. An old water- 
course appears near the mid line of the image and has even cut 
the dunes locally. Lower Tertiary limestones of the Hadramawt 
are dark on the lower right. Scattered outcrops of the Cretaceous 
Tawilah Group occur in the lower mid right. The ancient city of 
Shabwah lies in the white area in the lower right corner. Image 
width is 50 km. (U. S. Geological Survey Aster VNIR image ID: 
AST_LIB.003.2009436874). 

An enlarged view of the distinctive pattern of barchan-like hol- 
lows, with east to south-east facing slip faces, which appear 
rarely on large, linear dunes of the eastern Ramlat as Sab’atayn, 
but are quite concentrated in interdunes, or shuquq. The dunes 
are narrower, 30 m high, about a third the width of interdunes, 
and bear a pattern of short linear seif dunes. Width of the image 
is 12 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

‘Uruq of the southern Ramlat as Sab’atayn some 60 km west of 
Shabwah. These dunes are 30 to 50 m high. They converge 
towards the west and each ‘irq has a pattern of slightly oblique, 
linear, seif dunes on its surface. Note the small watercourse in 
the interdune to the NW. Image width is approximately 20 km. 
(NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Sand dunes of southern Ramlat as Sab’atayn near ‘Ataq (Photo 
credit Nexen Inc). 

Dune sand of western Ramlat a Sab’atayn almost covering the 
Awwam temple, locally known as Mahram Bilqis at Ma’rib, 
Yemen in 1983. (Photo by H. S. Edgell). 

A satellite image of the Ramlat Al Wahibah (Wahiba Sands) con- 
sisting mainly of large linear dunes, or ‘uruq, except the narrow 
southern part, which consists of narrower N-S trending dunes and 
some sand sheet. Width of the image is 100 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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‘Uruq of the north-western Ramlat Al Wahībah, or Wahiba Sands. 
Note the numerous oblique seif dunes on the surfaces of ‘uruq and 
the relatively narrow interdunes. Width of the image is 6 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
‘Uruq of the north—eastern Ramlat Al Wahibah showing a pattern 
of broad, asymmetrical, north-facing mounds on their surfaces. 
These mounds contain a cross pattern of small sigmoidal dunes. 
Interdunes are narrow and often contain long seif dunes. Image 
width is 7.7 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

View of dunes in the north-eastern Ramlat Al Wahibah showing 
the hummocky nature of many ‘uruq. (Photo reproduced by kind 
permission of I. Barker). 


Lesser dunefields of Arabia. 

Nafud ath Thuwayrat seen from lower right to mid top. The 
Nafud as Sirr is on the lower mid image extending to Wadi ar 
Rimah. Nafud ash Shuqayyiqah is seen near the lower left corner 
and Nafud al Ghamis is just above it, including Nafud Buraydah, 
while Nafud at Tarifiyah is NW of Nadud as Sirr. Width of image 
is 133 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/ mrsid/mrsid.pl). 

Nafud ath Thuwayrat on its north-western edge with dome dunes 
and barchan ridges. Image width is 45 km. (U. S. Geological 
Survey Aster VNIR image ID: AST_LIB.003.2019083427). 

Dome dunes of Nafud as Sirr with short peripheral radiating 
ridges. These dunes are mostly over 1 km in diameter and up to 
150 m high, but mostly 50 m high. Some seif dunes trend 
NNE-SSW, The black circles are centre-pivot irrigation plots. 
Image width is 30 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

Dome dunes on the southern end of Nafud Qunayfidah near the 
main road 150 km west of Ar Riyadh. These dunes have an aver- 
age diameter of 1 km. Image width is 30 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Linear dunes of Nafud al Ghamis (middle to lower left), including 
Nafud al Buraydah (lower centre), and Nafud at Tarafiyah (top 
right). The city of Buraydah is seen to the left of centre. Image 
width is 30 km centred at lat. 26.18° N; long. 43.47° E. (NASA 
Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Large linear dunes or ‘uruq of the Nafud al Mazhur on the left 
with minor small linear seif dunes on their surfaces. Giant dome 
dunes of the Nafud ath Thuwayrat are seen on the right. 
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Subsurface flow joining Wadi ar Rimah and Wadi al Batin occurs 
in darker areas at the junction of the two dune types from the 
lower left corner to near the top right corner. Image width is 20 
km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Distribution of various deserts and nafud areas on the Arabian 
Shield and within escarpments of the Interior Homocline 
(Created from data in Hearn et al., 2003). 

Nafud al ‘Urayq with Wadi al Jarir on the left, and Wadi ar Rimah at 
top. Note dome dunes in the north and transverse dunes running 
NW-SE on lower left. This nafud rests on Precambrian basement 
rocks of the northern Arabian Shield. The large circular black area 
(top middle) is Jabal Khathariq, and the larger black area in the 
lower right corner is Jabal al Maqawqi. Some dome dunes occur 
along the west of Jabal al Maqawgi. Image width is 45 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
View of the northern Nafud ad Dahi in the foreground, looking 
north-east to the Tuwayq escarpment (Photo credit T. Lewis). 
Dunes of the Nafud ad Dahi looking east to the Tuwayq escarp- 
ment (Photo credit S. Salem). 

Geological map of the northern Nafud ad Dahi showing dunes 
marked Qes, silty lake beds Qsi and lag gravels Qg. Compare with 
image (Figure8.13), which covers much of the lower part of this 
map. (Extract from U. S. Geological Survey ‘Geology of Southern 
Tuwaiq Quadrangle’, Bramkamp et al., 1956). 

Nafud ad Dahi in the area of Al Juwayfah. The Upper Jurassic 
Tuwayq escarpment extends along the east of the image and the 
large promontory pointing north-west (lower mid right) is Khasm 
al Juwayfah. Five large ‘uruq appear on the left. Outwash lag 
gravels and some lake beds along the centre. Image width 42 km. 
(U. S. Geological Survey Aster VNIR image ID: 
AST_LIB.003.20171871120). 

‘Uruq as Subay, central part, showing thin, widely spaced, linear 
dunes or ‘uruq with smaller linear dunes on their surfaces. Image 
width is 10 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Dome dunes of the narrow south-eastern Nafud as Sirrah, show- 
ing their numerous radiating arms and a finely reticulate surface 
pattern of smaller dunes on their surfaces. A few NNW-SSE trend- 
ing linear dunes appear to the south. Image width is 15 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Nafud Hanjaran and its ENE-WSW trending low ‘uruq lying east 
of Wadi Bishah with larger ‘uruq NW of Wadi Bishah. Image 
width is 30 km. (NASA Landsat image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 
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‘Irq al Wadi eastern dunefield. There are a number of narrow, lin- 
ear dunes extending mid right to lower mid left. Image width is 
50 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Barchanoid dune ridges and barchans along the coast of southern 
Oman in Sahil Jinawt. These dunes are relatively small as the width 
of the photo is only about 4 km. (Photograph by H. S. Edgell). 

‘Ayn al Juwayri dunefield on the coast of southern Yemen with 
linear dunes in the east and south, barchans in the mid north 
and sand sheet in the north. Wadi Mayfa’ah runs along the west 
of the dunefield. Image width is 75 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Barchanoid dune ridges and barchans in the south-east of the 
‘Ayn al Juwayri dunefield apparently blown towards the SW by 
north-easterly winds. Al Ayn Bay is seen in the lower left. 
Width of image is 6 km. (From image ISSO01-344-33. Image 
courtesy of Image Analysis Laboratory, NASA Johnson Space 
Center). 

South-eastern Qatar just north of Khawr al Udayd showing a 
dunefield of barchans along the south-eastern coast of Qatar. 
Image width is 19.5 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

Linear seif dunes of the northern Sinai Desert. Most are relatively 
narrow and somewhat sinuous, and many tend to turn into 
barchans towards the east. Seen here in the Nizzana area SSW of 
Bir as Saba (Beersheba) southern Palestine. The lighter area to 
the west (left) is in Egypt. Image width is 15 km. (Image courtesy 
of © CNES/SPOT Image 1992-1994). 

Large, linear, sinuous, seif dunes south of Sabkhat al Bardawil, 
northern Sinai Desert, with narrow interdunes and numerous 
NNE to NE trending sigmoid dunes on their surfaces. These seif 
dunes are 2 to 5 km long. Image width is 18 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Low, barchanoid dune ridges trending NNW-SSE in the Salmani 
dunefield, Wadi Araba, southern Jordan. Image width is 8 km. 
(NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Wadi Ram, southern Jordan, showing the spectacular cliffs of 
Cambrian sandstone and the general sand sheet cover in the wadi 
with a low sand dune in the middle right. 

Nafud al Ghuwaytah lies north-east of the Great Nafud and is 
shown in this image. Note the broad WNW-ESE linear dunes in 
the north-east crossed by small transverse dunes and the small 
NW-facing barchans in the SW below the white area of claypan, 
or’ qa‘. Most of the western part is sand sheet with some low 
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dunes trending NE-SW. Image width is 40 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Map of dunefields of Iraq and prevailing wind directions (after 
Dougrameji, J. S. 1975. “Some physical properties of sandy soils 
in Iraq”, FAO Soils Bulletin 25, reproduced by permission of FAO). 
Ash Shamiyah Desert south of An Nasariyah, with closely spaced 
narrow linear dunes on the left and hummock dunes in the top 
centre. Image width is 25 km. (NASA Landsat 7 image 2000 
series, image courtesy of nasa.gov/mrsid/mrsid.pl). 

Hummocky dunes, south—west of An Nasariyah in the Ash 
Shamiyah Desert, southern Iraq. They are stabilized as indicated 
by the sparse vegetation cover and sheep and goat tracks on their 
slopes. 

An overall view of the Baiji Desert in northern Iraq (dark 
patches) with the Tigris River on the west and Adhaim River on 
the east. Al Sharri salt flats are the white patch to the south-east 
Image width is 90 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

A central part of Baiji Desert surrounded by farmland showing 
the numerous small transverse dunes formed by prevailing NW 
Shamal winds. Image width is 2 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl) 

Southern Alluvial Plains Desert, southern Iraq. The Nahr al Frat 
(Euphrates River) is on the lower left and the Shatt al Gharraf is 
seen on the upper right. Image width is 150 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Part of the Southern Plains Alluvial Desert, southern Iraq, 
showing small barchans and barchanoid dune ridges in the 
upper right quadrant, as well as short linear dunes to right of 
centre, and small transverse dunes to the left of centre. Image 
width is 9 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 
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Climbing dune (centre right) in the Sinai Desert. 

An echo dune in the Sinai Peninsula reflected back by a topo- 
graphic barrier. 

Lattice dunes (network dunes) in the north-eastern Rub‘ al 
Khali, south-west of Umm as Samim with continental sabkhah 
between them. Image width is 25 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

View of a small barchan in the Abqaiq-Dhahran area, Eastern 
Province, Saudi Arabia. (Photo credit S. G. Fryberger). 

A string of barchans of the whaleback, or khait type with steep 
windward or stoss slopes east of Dawhat Zalum and SW of Ad 
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Dhahran. Image width is 7 km. (Enhanced NASA Landsat 7 
image from NASA World Wind 2005). 

Barchanoid dune ridges of Al Liwa’ in the United Arab Emirates. 
Image width is 35 km. (U. S. Geological Survey Aster VNIR ID: 
AST_LIB.003:2014195673). 

Aklé dunes shown as wavy lines east of Sabkhat Matti. Note that 
the barchanoid and linguoid parts of the dunes are often 
opposed. Image width is 7 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Tear-drop dunes in the southern Al Qa‘amiyat region of the 
south-eastern Rub‘ al Khali. Note slip face confined to a small arc 
downwind, or towards the lower left. Image width is 30 km. (U. S. 
Geological Survey Aster VNIR image ID: 
AST_LIB.003:2007375708). 

An aerial photograph of an elliptical dome dune in the southern 
Rub‘ al Khali with numerous small tear-drop dunes and sig- 
moidal dunes streaming off downwind. The tear drop dunes are 
10 to 15 m in diameter. (After Holm 1960, courtesy of the Saudi 
Arabian Oil Company). 

Tadpole dunes with a domed windward end trailing off down- 
wind into a low sinuous ridge from the south-eastern Rub‘ al 
Khali. Image width is 15 km. (U. S. Geological Survey Aster VNIR 
image 003:2018044174). 

Oblique crescent dunes in the Tara’iz al Sanam area of the 
north-western Rub‘ al Khali seen from mid lower to top right. 
Image width is 35 km. (U. S. Geological Survey Aster VNIR image 
ID: AST_LIB.003:20023061454). 

Zibar in Al Munajjar area of the north-central Rub‘ al Khali, 
seen as numerous low dunes between the linear seif dunes. 
Image width is 27 km. (U. S. Geological Survey Aster VNIR image 
ID: AST_LIB.003:2009062585). 

Parabolic dunes of the nested type in the north-central Al Jafurah 
Desert. A dunefield of smaller parabolic dunes lies to the west and 
is partly shown here. Image width is 2 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Typical dikakah, or nabkha (nabkhah) in the Sabkhat Muh area, 
south of Palmyra, Syria. The Palmyrene Ranges are in the back- 
ground. (Photo credit M. Fukuda). 

Simple linear sigmoidal dunes in ‘Uruq Bani Ghudayy area of the 
south-western Rub‘ al Khali east of Al Arid. Image width is 30 km, 
centred at approximately 18.57° N; 45.45° E. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Complex linear sigmoidal dunes in Al Mundafan area of the 
south-western Rub‘ al Khali showing the typical, long, sharp ridged 
sigmoidal dunes with many branching sigmoidal ridges. Image 
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width is 33 km centred at 18.43° N and 45.28° E. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Amoeboid sigmoid dunes branching out from star dunes in Al 
Hamidan area of the eastern Rub‘ al Khali. Image width is 30 km 
centred at 20.2° N and 54.9° E. (U. S. Geological Survey Aster 
VNIR image ID: AST_LIB.003:2017729380). 

Chevron complex sigmoidal dunes in the north-eastern Rub‘ al 
Khali. Image width is 12 km, centred at 23.1° N and 55.3° E. 
(NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Numerous oblique sigmoidal complex dunes in the ‘Irq al 
Khuraym area, near an ‘irq of Ad Dahna seen as a broad oblique 
band from top left to lower right. They are sinuous and oblique to 
the prevailing wind. Image width is 8 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Simple straight linear dunes, or ‘uruq, of the Shaqqat al Kharitah in 
the south—western Rub‘ al Khali. Note the very regular spacing of 
‘uruq with shuqug, or interdune corridors two to three times as wide 
as dunes. Image width is 40 km centred at 17.8° N and 45.50° E. 
(1994 DLR Synthetic aperture radar image X-SAR9404041). 

‘Uruq of the south-western Rub‘ al Khali as seen in an oblique 
aerial photograph in the ‘Uruq al Qa‘amiyat. Note the smaller lin- 
ear and branching sigmoidal dunes on the ‘uruq. Well-developed 
zibar appear as cross ridges in the interdunes, or shuquq. (Photo 
courtesy of Saudi Arabian Oil Company 2004). 

Linear ridge and valley complex of giant dunes (‘uruq) up to 150 
m high and over 1 km wide separated by broader interdune corri- 
dors (shuqugq) in the ‘Uruq al Qa‘amiyat, southern Rub‘ al Khali. 
Note small sigmoidal dunes on ‘uruq indicating a secondary 
wind from the east. Image width is 40 km, centred at 17.6° N 
and 48.1° E. (U. S. Geological Survey Aster VNIR image ID: 
AST_LIB.003:2020801436). 

Branching plumate dunes narrowing to a single dune ridge 
downwind in Ash Shuqqan area of the north-western Rub‘ al 
Khali. Note the small barchans on lower sides of these plumate 
dunes. On magnification, many old cultivated fields can be seen 
beside now dry widyan Image width is 20 km, centred at 21.8° N 
and 48.7° E. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Linear belts of pyramidal dunes with slip faces facing north in the 
Ramlat Mitan, south-eastern Rub‘ al Khali. Image width is 25 
km. (NASA Large Format Camera Image from Edgell, 1989a). 
Pyramidal dunes of the Ramlat Mitan in NW Dhofar, southern 
Oman. Note their distinctive triangular shape. Here the slip faces 
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point west due to easterly winds of winter. Image width is 10 km 
(NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Linear complex of giant linked crescentic dunes or megabarchans 
in the ‘Uruq ash Shaybah of the north-eastern Rub‘ al Khali up 
to 230 m high with stabilized slip faces and a network of smaller 
dunes on their windward slopes. Interdune sabkhah shows as 
dark grey areas. Image width is 10 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Linear complex of giant dome-shaped dunes in Nafud as Sirr, 
north-central Saudi Arabia. The lines of domes run diagonally 
from upper right to lower left or NE-SW. Note the small sigmoidal 
ridges on their surfaces and the numerous short radiating ridges 
around each dome. Image width is 8 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Simple hooked dunes in Al Hibak area of the eastern Rub‘ al 
Khali. Note the many well-developed zibar in the interdunes. 
Image width is 18 km, centred at 19.8° N and 52.6° E. (NASA 
Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Hooked dunes with multiple slip faces and sometimes multiple 
shafts in Al Hibak area of the eastern Rub‘ al Khali. Image width 
is 30 km, centred at 20.8° N and 53.1° E. (U. S. Geological Survey 
Aster VNIR image ID: AST_LIB.003:2006020489). 

Oblique aerial view of a megabarchan in the ‘Uruq ash Shaybah, 
north-eastern Rub‘ al Khali. Note the giant crescentic slip face 
and the numerous small barchans on the stoss side of this huge 
crescentic dune, with other megabarchans (near top right and 
mid left) in the dune complex. View looking north-east. (Photo 
courtesy of www.aramcoexpats.com/ Photo 101_713). 

Aerial view of two linked megabarchans on the eastern edge of 
the ‘Uruq ash Shaybah in the north-eastern Rub‘ al Khali. Note 
the rows of barchans formed at the horns of the large 
megabarchan, and the barchans and dune ridges in the triangu- 
lar area of its stoss slope. (Photo courtesy of aramcoexpats.com ). 
‘Uruq al Mut’aridah, a huge transverse dunefield in the north- 
eastern Rub‘ al Khali consisting mainly of megabarchanoid dune 
ridges separated by dark interdune corridors, or shuquq. This 
Landsat 7 image is 170 km wide. (Image courtesy of Image 
Analysis Laboratory, NASA Johnson Space Center). 
Megabarchanoid dune ridges of the ‘Uruq al Mu’taridah, 100- 
150m high, south Ramlat Ibn Su’aydan. Small secondary dunes 
occur on their surfaces. Slip faces are directed SE due to a secondary 
wind from the NW. Dark grey interdunes are mostly continental 
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sabkhah. Width of major dune ridges averages 1 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Star or pyramidal dunes near the eastern edge of the Rub‘ al 
Khali in Al Ghanim area in rows on low ‘uruq. Image width 

is 10 km, centred at 21.3° N and 55.28° E. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Aerial view of a massive star dune in the eastern Rub‘ al Khali 
looking north. Note the prominent ridges leading to the apex of 
the dune. (Photo credit O. Irtem). 

View of a star dune in the Ramlat al Ghafah, eastern Rub‘ al 
Khali. (Photo credit D. C. Paget). 

View of a large pyramidal dune in Ramlat Fasad, south-eastern 
Rub‘ al Khali southern, Oman. 

Wedge-shaped dunes on the southern edge of the Rub‘ al Khali in 
Ramlat Umm Gharib. Image width is 6 km, centred at 18.2° N 
and 49.59° E. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Distribution of five major types of sand dunes in Saudi Arabia. 
(After Holm 1961, Fig. 7, courtesy of Saudi Arabian Oil 
Company). 

Sand relief forms, or dune types (After Fedorovich 1948, 1967) 
with explanation of types given below. 

A. Barchan sands (mostly of tropical deserts). I. Trade-wind type 
(with winds of the same or closely similar directions): 1 — sand 
shield; 2 — embryonic barchan; 3 — crescentic symmetrical 
barchan; 4 —nonsymmetrical barchan; 5 — rows of barchans 
parallel to the wind; 6 — compound longitudinal barchan chains. 
II. Monsoon-breeze type (with winds from opposite directions): 

1 — groups of barchans; 2 — simple barchan chains; 3 — com- 
pound barchans; 4 — compound barchan chains. III. Convection 
and interferential types (with a system of winds of equal force and 
with winds of mutually perpendicular directions): 1 — barchan 
cirques; 2 — pyramidal barchans; 3 — crossed compound 
barchans. 

B. Sparsely overgrown sands (mostly of non-tropical deserts). 

I. Trade-wind type: 1 — initial hammocks on shrubs; 2 — small rip- 
ples; 3 — ridgy sand (parallel to the wind); 4 — wide ridgy sands. 
II. Monsoon-breeze type; 1 — ridgy-alveolar sands (one strong pre- 
dominant wind); 2 — alveolar sands; 3 — rake-type transverse 
ridges (slightly predominant wind of one direction); 4 — trans- 
verse asymmetrical ridges. II. Convection and interferential types: 
1 —honeycombed sands; 2 — coarse honeycombed sands; 

3 — pyramidal sands; 4 — reticulated sands. 

C. Dune sands (non-desert zones). I. Trade-wind type: 1 — coastal 
ridges; 2 — parabolic dunes; 3 — hairpin-like dunes; 4 — paired lon- 
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gitudinal dunes; 5 — compound parabolic dunes. II. Monsoon- 
breeze type: 1 — small crescentic dunes; 2 — large crescentic dunes; 
3 — compound crescentic dunes. III. Convection and interferential 
types: 1 — isolated small circular dunes; 2 — swarms of circular 
dunes; 3 — compound circular dunes. 

Two cycles of dunes appear on this image of the south-western 
Rub‘ al Khali just east of Al Arid escarpment. The main dune set 
trends approximately E-W, while another set of smaller dunes of 
a later cycle trends NE-SW and is most clearly seen in the upper 
part of the image. Image width is 15 km, centred at 19.9° N and 
45.3° E. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 


Sources of sand for Arabian sand dune deserts. 

The Tigris and Euphrates rivers join (as seen in the upper mid 
left) to form the Shatt al Arab waterway, but the Karun River 
(seen as a winding dark course in the upper middle) contributes 
more sediment and several times as much water flow (24.7 km? 
annual discharge). Sediment turbidity can be seen entering the 
northern Persian Gulf, although it is predominantly mud. 
(Image courtesy of Image Analysis Laboratory, NASA Johnson 
Space Center). 

The lower Shatt al Arab delta, with the actual Shatt al Arab 
marked by a dark grey course from top left corner to lower mid 
left. Basrah is seen on the west of the Shatt al Arab at mid left. 
The large active delta on the lower mid right being built out by 
the Karun River shows the much more active sediment contribu- 
tion by that river, while the Jarrahi River (Rud-e Jarrahi) appears 
with a bird’s foot delta in the upper right quadrant above Bandar 
Mashur, with additional sediment deposition. Image width is 
150 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 
Submerged dunes in the southern Gulf of Bahrain offshore from 
Al ‘Ugayr, in north-eastern Saudi Arabia. There are some 36 
submerged dunes along 70 km of coastline extending 15 km off- 
shore. It is suggested that these are palaeodunes cemented prior 
to 10,000 years ago when sea level rose (After Al-Hinai et al 

1987 International J. Remote Sensing 8 (2): 251-258, repro- 
duced by permission of Taylor & Francis Ltd., http://www.tandf. 
co.uk/journals). 
The Rud-e Mehran brings sediment into the Persian Gulf from 
the rugged Zagros Ranges. It produces a delta of clastic sediment 
projecting into the northern Persian Gulf as shown on this air 
photo. Width of the air photo is 30 km. (Based on field work and 
air photo interpretation by H. S. Edgell). 
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Agha Jari Formation sandstone of Late Miocene to Early Pliocene 
age is widespread throughout southern Iran and a probable 
source of much quartz sand of the Rub‘ al Khali. This exposure is 
from near the town of Agha Jari and shows typical honeycomb 
weathering. (Photo H. S. Edgell). 

The thick Pliocene Bakhtiari Conglomerate with a quartz sand 
matrix exposed in its type section near Godar Landar in 
south—western Iran. (Photo by H. S. Edgell). 

Hofuf Formation (Middle Miocene) at Jabal Al Qarah near the 
town of Al Hufuf, where it shows strong vertical jointing. (Photo 
by H. S. Edgell). 

Lower Ordovician sandstones of the Saq Formation at Jabal Saq, 
north central Saudi Arabia. Erosion of this sandstone and other 
Lower Palaeozoic sandstones contributed to An Nafud dunes. 
(Photo by H. S. Edgell). 

Distinctive broad transverse dunes of the western part of An 
Nafud, which are of complex barchanoid form. These dunes 
are very broad in relation to the narrow interdune corridors, or 
shuquq. Their sub-crescentic form (Figure 7.25) indicates ori- 
gin from the west and south—west. The bare Palaeozoic rocks of 
the Tabuk Basin swept clean of sand are seen on the left. Image 
width is 10 km. (NASA image ISSOO6E10065. Image courtesy 
of Image Analysis Laboratory, NASA Johnson Space Center). 
High resolution image showing the connection between the large 
linear dunes, or ‘uruq, and star dunes of An Nafud and the ‘uruq of 
Nafud al Mazhur. The ‘uruq of Ad Dahna in the north-east are also 
seen to have been derived from An Nafud. The black volcanics of 
Harrat Hutaymah also appear in the lower left. Image width is 250 
km. (NASA image highres_NM22_NM22-726-22. Image courtesy 
of Image Analysis Laboratory, NASA Johnson Space Center). 

The 300 m thick Ordovician Wajid Sandstone on the eastern 
edge of the Asir Highlands. Erosion of this thick sandstone has 
also contributed sandy sediment to the SW Rub‘ al Khali. (Photo 
by H. S. Edgell). 

The eastern Ramlat as Sab’atayn near the western Wadi 
Hadramawt showing the sinuous nature of dunes around topo- 
graphical highs and the contribution to the development of dune 
sands made by widyan eroding the Tawilah Group sandstones. The 
two major NE flowing widyan seen are Wadi Duhur and Wadi 
Rakhya, whose sediments are seen to turn NW into the Ramlat as 
Sab’atayn. Wadi ‘Irma (lower left) near Shabwa can also be seen to 
contribute sandy sediment to the eastern Ramlat as Sab’atayn. The 
sinuous nature of the dunes is due to the way in which they avoid 
topographically high areas. Image width is 130 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Residual sand streaks shown in yellow crossing Qatar Peninsula 
from NNWSSE marking the path of quartzose aeolian sand 
blown from the dried Persian Gulf during the Last Glacial 
Maximum (LGM) and now present as mainly barchan dunes only 
in the south-eastern corner of Qatar (Landsat 7 image, courtesy 
of NASA, enhanced by the author). 


Mechanisms of sand accumulation. 
Relationship of grain size, fluid and impact threshold velocities 
and various modes of aeolian sand transport or erosion. 
(Modified from Bagnold 1941). 
Relationship of dune movement to dune height. (After Al-Harthi 
A. A. 2002, Environmental Geology 42:360-367, Fig. 13, 
reproduced with kind permission of Springer Science and 
Business Media). 
Helical roll vortices and their influence in forming large linear 
dunes, or ‘uruq. (After Cooke and Warren 1973. Reproduced by 
kind permission of Cambridge University Press). 
Histogram of dune spacing measured in nineteen dunefields from 
various parts of the world. (Reprinted from “Sedimentology”, v. 19: 
Wilson, I. G. Aeolian bedforms-their development and origins, 173- 
219 © 1972, with permission of Elsevier). 
Dune types determined by the relationship between sand supply 
and wind variability. (based on a diagram by Wasson and Hyde 
(1983), with additions by the author). 
Airflow patterns over the lee-side of a transverse dune showing 
the separation at the dune crest with a zone of reversed flow in 
the lee of the dune preventing deposition there and re-attached 
flow recommencing with the normal internal boundary layer 
(IBL) due to surface discontinuities. (After Walker and Nickling, 
reproduced by permission © [2002] Edward Arnold (Publishers) 
Ltd., (Progress in Physical Geography 2002:26(1):42-55 
(www.hodderarnoldjournals.com). 
Dunefield of parabolic dunes, Qurayyah sabkhah (25.94° N; 
50.08° F), north-eastern Saudi Arabia resting on sabkhah. These 
parabolic dunes are hairpin to V-shaped, being about 100m wide 
and up to 800m long. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 
View of the ‘uruq of the western, southern and south-western 
Rub‘ al Khali, showing the finer, younger, northern ‘uruq fan- 
ning out to the west and overriding the larger ‘uruq of the south- 
ern Rub‘ al Khali, as well as those near the Jurassic Al’ Arid 
escarpment (top left edge). These younger dunes now reach as far 
as the Cretaceous Al Jaladah escarpment (left of centre). There 
are 175 ‘uruq from lower right to top mid left and at least 200 in 
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the same direction, when those not shown above this image are 
included. Width of the image is 330 km. (NASA Landsat 7 
imagery 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Sand sheet south—west of As Sulayyil in south-western Saudi 
Arabia with very sparse vegetation. 


Sedimentology of Arabian dune sands. 
Map of desert dune sand grain size distribution in Arabia. 
Roundness characteristics of fine and very fine dune sands of the 
northern Rub‘ al Khali (UAE) compared with those from other 
desert areas. (Reprinted from Sedimentary Geology, v. 123, El- 
Sayed, M. I. © 1999, with permission of Elsevier). 
The red coloured sands of Ad Dahna (here appearing medium grey) 
border many small intermittent streams, or widyan, from 
the Interior Homocline. (MODIS image with drainage superimposed). 


Desert dust and loess. 

Threshold wind speeds for dust-raising in different environments. 
Dust storm of May 14, 2004 seen blowing out of the plains of 
southern Iraq into the Persian Gulf. A plume of dust extends 
down the Gulf to eastern Saudi Arabia, Bahrain, Qatar and the 
United Arab Emirates. (NASA image, courtesy of NASA Goddard 
Space Flight Center). 

Atmospheric soil dust in Arabia and the Gulf shown as mean 
monthly values of TOMSAAI (Total Ozone Mapping Spectrometer 
Atmospheric Aerosol Index). Note the highest values in southern 
Iraq, Al Jafurah and NW Rub‘ al Khali, and the najd of northern 
Dhofar. The correspondence of dust concentration with lower 
topography is also shown (lower topography is here expressed as 
darker grey. (Modified from Prospero et al 2002). 

Source areas of fine sediment for dust in Arabia. (Modified from 
UCAR/NCAR 2003). 

Dust source areas in Arabia and north-eastern Africa from the 
COAMPS dust model based on data at 27 km grid spacing. The 
most erobible areas are light grey, numbered 2, areas of least 
erodibilty are very dark grey, numbered 6, except for white areas 
with a record of no erodibility. (Modified from a COAMPS dust 
source model for SW Asia 2003). 

Image of dust transported into the Sinai Peninsula, northern Saudi 
Arabia, Jordan, Palestine, and western Iraq. This dust, shown here 
as a red and orange belt and patches with yellow borders, originates 
from Chad, Sudan, and Egypt. (Source NASA image 19.3.05). 

Dust forecast map for 27/05/03 showing that the main centre for 
dust is North Africa from where it spreads into Arabia. (Source 
NASAMITZPE Dust Forecast). 
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NOAA-17 image of a massive Saharan dust storm spreading NE 
across Egypt on January 23, 2004. The dust haze spreads over the 
Sinai Peninsula and blankets parts of Jordan, Palestine/Israel, 
Syria, and western Iraq. To the south dust crosses the Red Sea from 
the Sudan through the Tokar Gap covering parts of western Saudi 
Arabia and Yemen. 


Stony and rocky deserts of Arabia. 
The najd of interior Dhofar in southern Oman at Marmul where 
Lower Tertiary limestones form a broad anticlinal dome at the 
surface. (Photo by H. S. Edgell). 
The najd near the southern border of the Rub‘ al Khali at Dauka 
(Dawkah) in southern Oman. Irregular outcrops of Lower Eocene 
Rus Formation are in the foreground, with much sand sheet cov- 
ering the rest of the area. (Photo by H. S. Edgell). 
The southern Jiddat al Harasis, a low stony plateau (60-120 m in 
elevation) in eastern Oman. Widyan like Ha Rikat drain to the 
north and east. Sahil Jazir is in top right corner. Image width is 
40 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov.mrsid/mrsid.pl). 
The gravel surface of the Jiddat al Harasis in eastern Oman and 
the Arabian White Oryx for which it is a UNESCO wildlife sanctu- 
ary (Photo from, www.ameinfo.com /WWE and the UAE). 
The huge bajada of interior Oman seen here as a network of 
widyan, or ephemeral streams in red, emanating from the Oman 
Mountains (Al Hajar). The Ramlat Al (Ahl) Wahtbah (Wahiba 
Sands) appears light grey on the right and the continental 
sabkhah of Umm as Samim appears as a black area in the lower 
mid left and the sabkhah of Fawat ash Sham also appears dark to 
the right of the lower middle edge. (Constructed from USGS data 
in Hearn et al 2003). 
View across the wide alluvial valley of Wadi ad Dawasir 
looking north in the vicinity of Kabkabiyah. The Tuwayq 
Mountain escarpment can be seen in the middle distance. (Photo 
by HLS. Edgell). 
Wadi Bishah valley looking north—west near Jabal Qalfa showing 
its quite broad alluvial gravelly valley and good flow from the 
Asir Highlands. (Photo by H. S. Edgell). 
Geological map of the Wadi as Sahba’ and its surroundings show- 
ing its extensive gravel deposits (here shown in white and marked 
Qg and adjacent areas of Quaternary aeolian sand Qe of Al 
Jafurah , Quaternary sabkhah Qsb and Tertiary outcrop T. Dark 
areas are always moist, including Bani at Tarfa, some 14 m 
below sea level. (Map constructed from USGS data in Hearn et al., 
2003). 
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A hamadah, in the foreground, and its contact with dunes of 
the Nafud Ath Thuwayrat west of Al Hawtah (25.7° N; 45.25° 
E). (Source: NASA geomorphology GEO_8/GEO_PLATE_E-1. 
Fig.E-1.1). 

Ad Dibdibba alluvial fan or delta with its gravels marked by the 
symbol Qg. The alluvial plains of southern Iraq and southern 
Iran are marked as Qal, sabkhah areas as Qsb, aeolian sand as 
Qe, and Tertiary outcrops as T. Note the gravels of the Wariah 
Ridge. Widyan are thin dark lines. Black areas are perennially 
wet. (Constructed from USGS data in Hearn et al 2003). 

Al Jafr Depression in eastern Jordan. Many ephemeral water- 
courses or wadis can be seen draining centripetally into the cen- 
tral white qa‘ deposits (‘playa’) of this largely gravel-filled 
Quaternary basin and are entrenched in the dark alluvia. The 
main highway from Ma’an to Saudi Arabia is on the left. Image 
width is 75 km. (NASA Landset 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

River terraces of the upper Euphrates River (Nahr al Frat) at 
Jarablus, Syria. (Modified from Ponikarov et al., 1967). 

Location map of the harrah areas (lava fields) of Saudi Arabia. 
View of the south-eastern part of Harrat ash Shamah. Note the 
large volcanic cone and crater (near left centre) and the numer- 
ous volcanic flows. Light areas on the lower and upper right are 
Eocene cherty limestones. Image width is 40 km. (Space Shuttle 
Image 41-G-36-32). 

Harrat ar Rahah (top left) narrowly joined to the south-east by 
the larger Harrat al Uwayrid. The Red Sea is in the lower left. 
Image width is 200 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

Harrat Lunayyir seen as a dark spider-shaped area on the NW 
edge of the Arabian Shield. Numerous volcanic flows radiate out- 
ward, some running down valleys almost to the Red Sea coastal 
plain. Image width is 100 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Lava domes of Harrat Khaybar. The light coloured dome is Jabal 
Abyad composed of felsic comendite. While the dark dome in the 
foreground is made of mafic hawaiite and has post Neolithic 
flows (Photo and data by V. E. Camp). www.geology.sdsu.edu/ 
how_volcanoes_work/Thumblinks/abyad_page.html). 

Basalt flows of the southern part of Harrat Rahat (Photo by 

H. S. Edgell). 

Satellite view of the northern Harrat Rahat, known as Harrat 
Rashid, near to Al Madinah al Munawwarah, which is seen near 
the top left. The Quaternary black volcanic flows of the Upper 
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Madinah Basalt are clearly seen radiating out from a 1,368 m 
high eruption centre. A large black, basalt flow extending to the 
north is a historical flow, with last known activity in 1256 AD. 
Image width is 50 km. (NASA Landsat 7 image). 

Al Wahbah, an open maar crater of Early Quaternary age on the 
western side of Harrat al Khisb. Lava has punched through 
crystalline rocks of Arabian Shield. Some 160 m of Precambrian 
diorites are exposed in the 210 m deep crater. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Pahoehoe, or ropy basaltic lava in Harrat Khisb (Photo by 

J. Roobol of M. Al-Shanti, Photo reproduced by permission of 
John and Susy Pint. ‘Desert Caves Khisb Photo Gallery 2002’). 
www.saudicaves.com/gallery2002.html 

Pahoehoe, or ropy lava on the flank of Jabal Qidr, Harrat 
Khaybar. (Photo by J. Pint, reproduced by kind permission of 
John and Susy Pint). 

Harrat al Birk alkaline basalt volcanics here seen as dark areas 
on the east of the Red Sea. They tend to have a N-S alignment in 
the eastern part. The striped area on the right consists of foliated 
Precambrian metamorphic rocks of the Arabian Shield. Width of 
image is 130 km. (Image courtesy of Image Analysis Laboratory, 
NASA Johnson Space Center). 

Jabal as Sarat showing the blocky basalt surface, with some 
columnar basalt in the right foreground. (Photo by H. S. Edgell). 
Harrat al Hutaymah volcanic field. Note the numerous Recent 
volcanic cones, appearing black often with a white central spot 
marking their crater. Image width is 50 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

The volcanic basaltic tuff cone and crater of Hutaymah in 
north-eastern Saudi Arabia looking north—west. (Credit U.S. 
Geological Survey/photo by C. Thornber U. S. Geological Survey). 
View of Hutaymah volcanic basaltic tuff cone and crater near 
the north-eastern edge of the Arabian Shield. (NASA Landsat 

7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
Distribution map of main harrah areas in the Yemen. All volcanic 
fields are Quaternary, except for the Oligocene Trap Series and a 
part of Aden Volcanics. 

The Aden Volcanics at the port of Aden on the right, where there 
is a volcanic crater, and at the refinery town of Little Aden on the 
left with small volcanoes and flows. Image width is 29 km. 
(NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Aden Volcanic Series as seen behind the city of Aden, southern 
Yemen. The old town of Aden is called ‘Crater’ and is located in 
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the crater of an old volcano, near the lower right on Figure 
14.28. (Photo by H. S. Edgell). 

Volcanic cones in southern Yemen in the vicinity of Shuqra. Note 
the cinder cone on left (Photo by H. S. Edgell). 

Map of Cenozoic lava fields in Syria, Jordan, and northern Saudi 
Arabia. 

The Recent 746 m volcanic cone of Tulul (Touloul) as Safa (diam- 
eter 18 km) 100 km south—east of Damascus with surrounding 
older volcanic vents and flows. Khabra deposits of Rhoubeh form 
the elongate white area just east of Tulul (Touloul) as Safa. Image 
width is 30 km, centred at 33.1° N and 37.8° E. (U. S. Geological 
Survey Aster VNIR image 003:20085865414 ). 

Rocky outcrops and granite tors on the western part of the 
Arabian Shield rocky desert in the vicinity of Al Aqiq, Saudi 
Arabia. (Photo by H. S. Edgell). 

Typical terrain for much of the central and western Arabian 
Shield with occasional small kopje-like erosional remnants and 
considerable alluvial or sand cover. Here seen east of Al Aqiq, 
Saudi Arabia. (Photo by H. S. Edgell). 

Rugged Precambrian basement rocks, mostly granites and gneiss 
exposed near St. Catherine’s monastery near Jabal Katherina in 
the high southern part of the Sinai Peninsula. (Photo by B. Amer 
of ‘Desert Adventures’). 


Deserts of interior drainage basins. 
Typical mud-cracked surface of an Arabian qa‘ or khabra deposit 
(claypan). The layering may represent seasonal flooding in this 
case. (Photo H. S. Edgell). 
Al Mudawarrah Depression in southernmost Jordan seen here as 
a qa‘ or claypan just north of the Jordan/Saudi border with 
nearby sabkhah areas. There is also a number of smaller qi’an, or 
claypans farther north lying within outcrops of Ordovician- 
Silurian sandstone. 
Satellite view of Al Mudawarrah area showing the main qa‘ or 
claypan (just above image centre) and sabkhah areas to the SW, 
SE, and S. Al Mudawarrah Station is in the top left corner. The 
Jordan/Saudi border shows as a dark black line. Ordovician- 
Silurian sandstones appear as banding in the top right quadrant. 
The Hejaz railway is visible on the left. Image width is 12 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 
Qa‘ Al Azraq Depression showing the main water body just 
north of centre (dark), and surrounding claypan areas (shown 
here in light grey). The black, basaltic terrain of Harrat ash 
Shaba can be seen north of the main pool. Image width is 35 
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km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 

View of Al Azraq marshlands in eastern Jordan. (Photo from 
AzraqExpertnet.medwestcoast.com/...AzraqNow). 

Wadi as Sirhan Basin shown in a regional view as an elongated 
light area running diagonally from top left to lower right with 
numerous widyan draining north-west into it from Jordan. The 
claypan is the lower middle. Qa‘ al Azraq can be seen like a black 
comma near the top left. Image width is 200 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/ mrsid/mrsid.pl). 

Qa‘ Khafgah, a large, endorheic, silt-filled depression lying imme- 
diately east of Harrat Rahat basalt flows, which have blocked 
drainage to the Red Sea. The road to Mahd adh Dahab crosses the 
south-east of the qa‘. Image width is 40 km, centred at 23.4° N 
and 40.4° E. (NASA Landsat 7 image, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 

Khabra’ al Hawar, in east central Saudi Arabia seen here as a 
white area in lower centre of the image lying north of the south- 
ern dome dunes of Nafud Qunayfidah and south-west of the 
Tuwayq Mountain escarpment. Image width is 40 km, centred at 
24.5° N and 46.3° E. (U. S. Geological Survey Aster VNIR image 
ID: AST_LIB.003:2006735 764). 

Shoestring arrangement of Late Pleistocene lake beds between 
dunes in the south-western Rub‘ al Khali Desert. (Photo courtesy 
of “Aramco World” 1989, from the work of H. A. McClure). 
Khabrat al Mutla and Khabrat az Za’qlah, both situated NW of 
the Jal az Zor escarpment and of Al Jahra in Kuwait. Image width 
is 15 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Dead Sea with evaporation ponds in the south, which are part of 
the original Dead Sea. Image width is approximately 70 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
View across the north end of the Dead Sea showing the Lisan 
Formation and collected salt deposits. (Photo by H. S. Edgell 1966). 
Centre-pivot irrigation using groundwater resources to grow 
wheat in Al Isawiyah area of the southern Wadi as Sirhan, 
northern Saudi Arabia in 2000. Some plots marked in white have 
already been abandoned. Image width is 20 km. (Image courtesy 
of U. S. Geological Survey “Science for a Changing World” 2000). 
Bahriyat al Hijanah seen near the lower right corner at the end of 
Nahr al Aouja (Awaj) some 45 km SE of Damascus (Dimashq) 
between lava flows to the east and west. (Image courtesy of © 
CNES/SPOT 1992-1994) 

Sabkhat Muh, south-east of Palmyra (Tadmur) Syria, seen as a 
whitish area in the middle and right of the image. The black 
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patches are cultivated. A part of the Palmyrides appears on the 
left. Palmyra (Tadmur) is near the top left. Image width is 28 km, 
centered at 34.3° N and 38.4° E. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Sabkhat Muh as a large temporary lake in the winter of 1974 
looking towards the south-east to the islet of Ash Shajara. 
(Photo credit Y. Sakaguchi). 

Hawr al Hammar in 1973 seen in the lower middle to left of this 
image as a slightly winding, black bordered, light grey water 
body emanating from the Euphrates River on the mid lower left 
side and joining the Tigris River flowing from the mid top right. 
Vegetation appears as dark grey areas. (Image courtesy of Image 
Analysis Laboratory, Johnson Space Center). 

Hawr al Hammar in 2000 after draining of the marshes of 
southern Iraq on the orders of Saddam Hussein. The remnants of 
the now dried lake appear as a nearly white area with a small 
black square in the lower middle left. (Image courtesy of Image 
Analysis Laboratory, Johnson Space Center). 

‘Uyun al Alflaj showing the oasis towns of Al Layla, As Sahn and 
Ar Rawdhah. Image width is 10 km. (NASA Landsat 7 image 
World Wind 2004). 

‘Uyun al Aflaj, the ancient lakes of the Layla area in east central 
Saudi Arabia and the present main lake. (After Ritter, W. 1981. 
Did Arabian Oases run dry, Stuttgarter Geographischen Studien, 
Bd. 95:73-92, Reproduced by permission). 

View of the encrusted saucer-shaped polygons forming the sur- 
face of the continental sabkhah at Jabrin, looking NW to the 
southern As Summan Plateau. (Photo credit D. C. Padget). 
Gypsum encrusted surface of a small sabkhah south—west of As 
Sulayyil, south-western Saudi Arabia. 

Palaeoclimate curve for Yemen, based on Indian Ocean cores, show- 
ing wetter intervals of Holocene (to right) and drier (to left). The 
dates for Arabian palaeolakes and for the Jahran soil correspond 
with wetter intervals. (After Wilkinson, T. J. [2003] Fig. 3 courtesy 
of the and Oriental Institute of the University of Chicago). 

Umm as Samim (The Mother of Poisons), a large continental 
sabkhah in interior Oman shown here as a large dark, and white 
bordered area with many widyan draining from Al Hajar (Oman 
Mountains). The lowest part with 55 m elevation is the dark tri- 
angular area in the north of Umm as Samim. Dunes of the 
north-eastern Rub‘ al Khali in Saudi Arabia are seen on the left. 
Image width is 120 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 
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‘Uruq al Mut’aridah in the north-eastern Rub‘ al Khali showing 
both the interdune sabkhah areas (white) and the extent of 
interdune perennially moist sabkhah areas (black). Tertiary 
outcrops in grey. Width of image is 250 km. (Constructed from 
USGS data in Hearn et al 2003). 

Sabkhat at Tawil, in westernmost Iraq seen in the upper 

right extending along the Syria/Iraq border. The black areas in 
the top and lower left are part of the Euphrates River plain. Image 
width is 38 km, centred at 34.6° N and 41.2° E. (U. S. 

Geological Survey Aster VNIR image ID: 
AST_LIB.003:2023499201). 

Location of sabkhah areas near the Syria/Iraq border. Map width 
is 120 km. (Constructed from data in Hearn et al., 2003). 

Ad Dafiya sabkhah in southern Wadi Araba (Arabah) seen here 
as a narrow white area running N-S on the middle left of the 
image. Image width is 20 km centred at 29.9° N and 35.0° E. (U. 
S. Geological Survey Aster VNIR image 003.2021537703). 


Coastal deserts of Arabia. 
The alluvial plain of the southern Tihamat al Yemen with many 
interlaced widyan flowing down from the Yemen Highlands near 
Bab al Mandab at the southern end of the Red Sea. Africa in 
lower left corner and Perim Island composed of volcanic rocks of 
the Aden Volcanic Series. Image width is 40 km, centred at 12.8° 
N and 43.3° E. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mirsid.pl). 
A view of the Tihamat al Yemen at Al Mukha (Mocha), Yemen. 
(Photo by H. S. Edgell). 
The wider Tihamat al Yemen near Kamaran Island and Salif, 
both being salt domes as seen on left. The Yemen highlands are 
on the right. Width of the image is 80 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
The Tihamah Asir coast near Ash Shuqaigq, Red Sea coast, Saudi 
Arabia. (Photo by H. S. Edgell). 
A view of the central Tihamat Asir plain in frequent Acacia in an 
almost African setting. (Photo by H. S. Edgell). 
The Tihamat Asir near Jizan with numerous large widyan flow- 
ing down to the Red Sea from the Asir Highlands. Farasan Islands 
(Jaza’ir Farasan) formed by Miocene salt plugs are on the lower 
left. A typical Red Sea coastal inlet or sharm is seen behind Ras 
Tarfa near the outlet of Wadi Baysh. Sabkhah areas north of 
Jizan appear dark. Image width 140 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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The relatively narrow coastal plain of Tihamat Hejaz as seen near 
the city of Jiddah on the Saudi Arabian Red Sea coast. Precambrian 
basement rocks form a horst block just east and north—east of the 
city. Sabkhah areas occur around Sulaymaniya Lagoon near 
Dhahban inside the coast near the top left corner. Basalt flows form 
black areas in the top right. Image width is 80 km. (Image courtesy 
of Image Analysis Laboratory, NASA Johnson Space Center). 

The sandy coastal plain of Sahil al Jazir, in south-eastern Oman 
bordering the Arabian Sea. Small coastal inlets can be seen 
including Khawr Dhirif near top right. Wadi ‘Aynina, and Ha 
Rikat in the south and Wadi Watif farther north have large allu- 
vial fans on the southern plain, as well as Wadi Ghadunbut in the 
north. Low N-S dunes occur just left of centre. Width of the 
image is 40 km, centred at 18.4° N and 56.7° E. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

A mat of gypsum crystals formed at the ground water table 

in sabkhah near Abqaiq, north-eastern Saudi Arabia. (Photo by 
H. S. Edgell). 

‘Desert roses’ formed at the shallow groundwater table between 
0.5 mand 1 m from the surface in the sabkhah west of Abqaiq, 
Saudi Arabia. They consist mainly of aggregates of gypsum crys- 
tals incorporating aeolian sand grains. (Photo by H. S. Edgell). 
The development of enterolithic folding seen in the lower layers 
of the white gypsum beds in a dug pit in Sabkhat ar Riyas. Dark 
grey layers are clay. (Photo by H. S. Edgell). 

‘Chicken-wire’ anhydrite seen in a core of sabkhah anhydrite 
from the Late Jurassic Hith Anhydrite, Eastern Province, Saudi 
Arabia. (Photo by H. S. Edgell). 

Distribution of sabkhah areas in the United Arab Emirates shown 
as dark grey (Qsb), Tertiary outcrops (T) are medium grey, 
Quaternary coastal accretion deposits are a slightly lighter grey 
(Qal), aeolian deposits (Qe) are white. Map width is 320 km. 
(Constructed from USGS data in Hearn et al., 2003). 

Sabkhah areas of coastal Abu Dhabi. White coastal areas are 
oolitic sands; sabkhah is light grey. Aeolian sands are darker grey 
with some outcrops of ‘Lower Fars.’ Image width is 70 km. 
(Image courtesy of Image Analysis Laboratory, NASA Johnson 
Space Center). 

Qurayyah Sabkhah looking NE from clumpy dikakah sand dunes 
to the dark grey clayey sabkhah, or nearly white where it is salty. 
The waters of the Persian Gulf appear as a dark line on the hori- 
zon. (Photo by H. S. Edgell). 

The 4 m thick salt deposits of Qurayyah Sabkhah north of Al 
‘Uqayr are seen here being mined. (Photo by H. S. Edgell). 
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Modern stromatolites on the seaward side of Sabkhat al 

‘Uqayr in Al ‘Uqayr Bay, north-eastern Saudi Arabia. (Photo by 
H. S. Edgell). 

Sabkhat ar Riyas in north-eastern Saudi Arabia seen here as a 
large light grey patch. Part of the town of Safwa is seen to the 
south-east. Image width is 12 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 

Sabkhat ar Riyas with a typical clayey surface where puffy white 
salt crusts form extensive polygons. (Photo by H. S. Edgell). 
Sabkhat al Fasl seen here south—east of Al Jubayl on the north-east- 
ern coast of Saudi Arabia. The islands of Abu Ali and Al Batinah 
also mostly consist of sabkhah. An eastern part of Sabkhat al 
Murayr just appears in the upper left, and Sabkhat as Summ, a 
northern part of Sabkhat ar Riyas, is seen in the lower right. Image 
width is 50 km. (Image STS0878_STS0878-78-7 courtesy of 
Image Analysis Laboratory, NASA Johnson Space Center). 

Sabkhah areas north of Kuwait Bay and south of the Jal az Zor 
escarpment seen here as dark areas. The large crescentic area is 
Al Bahrah sabkhah. The pointed dark area is the sabkhah of Qasr 
al Sabiyah, and the sabkhah of the south end of Bubiyan Island 
appear in the top right corner. Width of the image is 57 km. 
(Image from the 1997 Calendar of the Kuwait Foundation for the 
Advancement of Sciences). 

The sabkhah of Barr al Hikman in eastern Oman with a typical 
white salty surface. 

Barr al Hikman sabkhah forming a black strip along the eastern 
side of the low peninsula of Ra’s al Hikman in eastern Oman 
west of Masirah Island. Image width is 95 km. (Constructed from 
data in Hearn et al 2003). 

Sabkhat al Bardawil on the northern Sinai coast almost sepa- 
rated from the Mediterranean Sea by a narrow spit and bordered 
on the south by numerous seif dunes of the Sinai Desert. Image 
width is 55 km. (NASA Landsat 7 image, 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

The Shatt Al Arab delta extending SE from Al Qurnah where the 
Tigris and Euphrates join. The extent of deltaic deposits on the 
Iranian side is usually under-estimated. The Hawr al Hammar 
(the black area above the word Iraq) has now been mostly drained. 
Image width is 150 km. (NASA Landsat 7 image ca. 1980). 
Khawr Ruri in coastal Dhofar, southern Oman, site of the ancient 
frankincense port and city of Sumhuram of 2,000 years ago. A 
barrier bar has now shut off this khawr forming an enclosed 
lagoon. Note the lasting effect of vehicle tracks on the thin, grey, 
encrusted, biogenic, desert surface. (Photo by H. S. Edgell). 
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Sharm Rabigh, an inlet with a partial barrier or sand spit on the 
Red Sea coast of Saudi Arabia. Image width is 10 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/ mrsid.pl). 
Khawr al Khaimah in the north-eastern UAE, showing the large 
sand spit barrier on which the city of Ra’s al Khaimah is located, 
the spit of Julfah to the north-east, and the large alluvial fan 
where Wadi Bih emerges from the Oman Mountains, and a large 
wadi, from the Wadi at Tawyan system, causing local inundation 
where it enters from the south. Image width is 12 km. (NASA 
Landsat image 2000 series, courtesy of nasa.gov/mrsid/ 
mrsid.pl). 

Tidal inlets of the eastern Abu Dhabi coast. The city of Abu 
Dhabi lies on the long promontory in the upper centre of the 
image. Width of the image is 60 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

A geological map of the eastern Abu Dhabi coastal area showing 
the wide distribution of sabkhah and oolite ‘deltas’ formed at the 
tidal outlets. (After Patterson R., and Kinsman, D. J. J. 1981. 
AAPG Bulletin 66(10):1457-1475, Fig.2, AAPG © 1981, 
Reprinted by permission of the AAPG, whose permission is 
required for further use). 

Drowned valley inlets of the Musandam Peninsula in northern 
Oman. Khawr Khasaibi (Khawr ash Shamm) is in the centre 
winding to the west and Khawr Habalayn is below it separated by 
the narrow, 250 m wide, Al Maksar isthmus. Image width is 36 
km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 

Kuwait Bay as a structurally controlled inlet, with the salt dome 
uplift of Greater Burgan Oilfield to the south and the eroded 
Miocene Jal az Zor escarpment, including Failakah Island, to the 
north. The continuation of the Jal az Zor escarpment to Failakah 
Island is shown by shallower water, as a great arch around the 
northern plunge of the giant Greater Burgan Oilfield anticline. 
Image width is 80 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 

View of Sadh harbour, an inlet on the southern Oman coast, 
structurally controlled by an eroded fault zone in Precambrian 
crystalline rocks (Photo by H. S. Edgell). 

Sadh harbour, the deep inlet (lower mid centre). Note eroded fault 
zone determining its position. Image width is 6 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/ 
mrsid.pl). 

Inlets on the north-eastern coast of Saudi Arabia near Manifa 
controlled by repeated fracture zones along the ArabianTrend in 
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the Neogene Hadrukh Formation. From lower right to top middle 
inlets are Dawhat Manifa, Dawhat Bilbul, Dawhat Sulayq, and 
Khawr Musharrabah. Ra’s Tanaqib points south. Image width is 
25 km. (NASA Landsat 7 image 2000 series, courtesy of nasa. 
gov/mrsid/mrsid.pl). 

Bubiyan Island, a large, low-lying, mainly mudflat island in the 
north-eastern part of Kuwait separated from the mainland by 
Khawr as Sabiyah. Some central parts of the island have low, 
NW-SE trending dunes and sabkhah area occur in the south and 
east. Warbah Island is a smaller, crescent-shaped, mudflat island 
lying to the north across Khawr Bubiyan. Part of the southern 
coast of Iraq is seen in the top right corner separated from 
Bubiyan Island by Khawr Abdallah. Image width is 

30 km. (Space image from the 1997 Calendar of the Kuwait 
Foundation for the Advancement of Sciences). 

Failakah Island, lying in the northern Persian Gulf about 

15 km ENE of Kuwait City. The small islet of Mia’chan lies just to 
the north-west (top left corner) and the islet of Auhha to the 
south-east (lower right corner). Image width is 20 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/ mrsid.pl). 
Bahrain Island with Al Muharraq to the north-east connected 
by a causeway and with the islands of Umm Na’san on the 
west and Sitrah on the east. A dark sabkhah area can be seen 
in the south of the island above Ra’s Bar (the southernmost 
point) and another in the south—west at Al Zallaq. The 
Dammam Formation rim rock appears as a white band around 
the centre. Width of the mosaic in the north is 31 km. (NASA 
Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

Yas Island (Jazirat al Yas or Sir Bani Yas) showing the central salt 
plug and surrounding debris-covered slopes. Original width of 
the island was 8.5 km, but landfill around the island now brings 
the width to 10 km. (NASA Landsat image 2000 series, courtesy 
of nasa.gov/mrsid/mrsid.pl). 

Abu Musa Island in the eastern Persian Gulf. It is one of the 
larger Hormuz salt plug islands in the Gulf, although no salt 
appears, only blocks of basement rocks dragged up by salt 
diapirism. Image width is 4 km. (NASA high resolution EROS 
image E1099294 courtesy of NASA). 

Abu Musa Island and the surrounding rim synclines and rim 
anticlines created by the Hormuz Series salt piercement. (From 
Edgell 1996). 

Masirah Island off the coast of eastern Oman. A desert island 
consisting mainly of black ophiolites, and a mélange of 
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Cretaceous limestones seen here as white along the south-west of 
the island. Orientation of the island is NNE-SSW. Image width is 
70 km. (Image ISSOOBEO6068; Image courtesy of Image 
Analysis Laboratory, NASA Johnson Space Center). 

Soqutra Island (Socotra), a part of the Yemen Arab Republic 
located in the Arabian Sea some 350 km SSE of Ra’s Fartak. It is 
5.35 times the size of Bahrain. Image width is 135 km or the 
island’s width. (NASA Landsat 7 mosaic of 2 images, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

The islands of Tiran (lower centre) and Sinafir (Sanafir) (lower 
right) in the northern Red Sea at the entrance to the Gulf of 
Aqaba. Part of the Sinai Peninsula near Ra’s Nusr Ani can be 
seen on the left. Ra’s Abu Fasma in north-western Saudi Arabia 
appears at the uooer right. Image width is 45 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

View of Tiran Island looking east from the southern Sinai 
Peninsula (Photo credit G. Curtis). 


Desert plains, steppes. and plateaux. 
The Syrian Desert covers most of this annotated MODIS image, 
being limited on the north-east by the Euphrates River, on the 
north-west by the Palmyrene Ranges, or Palmyrides and on the 
south—west and south by the Druze-Hauran, Harrat ash Shaba 
and Harrat ash Shamah volcanic areas. Image width is 400 km. 
(Constructed from MODIS base in Hearn et al 2003). 
View of Aleppo (Halab) in northern Syria from the Citadel show- 
ing the broad, level Syrian steppe on the horizon. (Photo by H. S. 
Edgell). 
View of part of the western Syrian Desert from the Palmyrene 
Ranges, which can be seen in the right background and on the 
left. 
View of the Syrian steppe in northern Syria near the Orontes 
River (Nahr al Asi). Note the undulating topography and the fer- 
tile ground. (Photo by H. S. Edgell). 
View of the Hadramawt Plateau surface looking north from the 
Wadi Hadramawt near Sayun (Saiwun). The cliff is formed by the 
Paleogene Umm er Radhuma Formation limestones. (Photo by H. 
S. Edgell). 
The western part of the Hadramawt Plateau showing the Wadi 
Hadramawt and the strongly dissected plateau of the Northern 
Jaw] and the Southern Jawl. Image width is 220 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/ mrsid.pl). 
The well-developed, largely relict, dendritic drainage pattern on 
the Hadramawt Plateau seen here on the Northern Jawl at Wadi 
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Dahyah. This classical example of dendritic drainage in an arid 
region was of interest as an analogue for the Mars scientific 
team. (Image courtesy of Image Analysis Laboratory, NASA 
Johnson Space Center). 

Aerial view of a typical wadi of the northern Hadramawt 
Plateau incised in Paleogene limestones. This wadi is now cut- 
ting into massive limestones of the Lower Eocene-Paleocene 
Umm er Radhuma Formation, having cut through the alternat- 
ing soft and hard limestones beds of the Middle Eocene 
Dammam Formation leaving a series of benches. (Photo by 

H. S. Edgell). 

View of the southern scarp face of Jabal Samhan and its high 
plateau surface forming the eastern end of the Hadramawt- 
Dhofar Plateau. The cliff-forming Paleocene-Lower Eocene Umm 
er Radhuma Formation is at the top of the exposed sequence with 
the Cretaceous Aruma Formation and Wasia Formation below. 
There is a major angular unconformity between the Cretaceous 
Wasia and the Proterozoic Murbat (Mirbat) Formation of mud- 
stones, sandstones and fluvio-glacial beds forming the slopes. 
(Photo by H. S. Edgell). 

A sketched structural cross section south—west from Jabal 
Samhan, Dhofar, southern Oman showing stratigraphic 
relationships, especially the major unconformity between the 
Tertiary-Cretaceous and the Proterozoic. (Drawn by the author 
in 1955). 

The surface of Jabal Samhan Plateau showing dendritic drainage 
with the large Teyq sinkhole 250 m deep and over 1.5 km wide, a 
former cave with a collapsed roof, which has captured the 
drainage of two widyan (top left). The escarpment appears in the 
lower right corner. Image width is 12 km. (NASA Landsat 

7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 

View of the west Dhofar plateau in the Jabal Qamr looking north 
from the Arabian Sea. The higher escarpment is formed by the 
Paleogene Umm er Radhuma Formation repeated half way down 
by E-W faulting, while the Cretaceous Qishn Formation is 
exposed in the lower outcrops. Most of the higher plateau con- 
sists of the Middle Eocene Dammam Formation. (Photo credit 

H. S. Edgell). 

View of part of the Asir Plateau south of Abha, south-western 
Saudi Arabia. Precambrian granite crops out in the foreground 
and outliers of the Ordovician Wajid Sandstone are seen in the 
upper right and left distance. (Photo by H. S. Edgell). 

The plateau of Ordovician Wajid Sandstone in the eastern part of 
the Asir Plateau. (Photo by H. S. Edgell). 
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View of the Hejaz Plateau near At Ta’if, western Saudi Arabia 
with hills of Precambrian crystalline rocks in the background. 
(Photo by H. S. Edgell). 

The steep western escarpment of the Asir Plateau as seen here 
east of Abha, where the road descends to the Tihamat Asir. 
(Photo by H. S. Edgell). 

View of the northern Yemen Plateau at Sana’a, Yemen’s capital 
city. (Photo by H. S. Edgell). 

Geological map of the Sinai Peninsula and adjacent areas anno- 
tated with standard geological symbols. (Map based on USGS 
data in Hearn et al., 2003). 

View of the highly dissected Sinai Peninsula near St. Catherine’s 
monastery and Jabal Musa. The surrounding mountains consist 
of Precambrian crystalline rocks. (Photo by B. Amer of ‘Arabian 
Adventures’). 

View of the Eastern Jordanian Plateau at Jerash. (Photo by H. S. 
Edgell). 

Widyan Plateau in north-eastern Saudi Arabia near the Iraq bor- 
der. The very numerous widyan can be seen entrenched in the 
Upper Cretaceous Aruma Formation limestones. Wadi Al Mira’ is 
in the top right-hand corner and the headwaters of Wadi al 
Ubayyid in the lower right. The Tapline is in the lower left with 
the pumping station of Hazm al Jalamid seen as a black ellipse. 
Image width is 40 km, centred at 31.5° N and 40.3° E. (U.S. 
Geological Survey Aster VNIR image ID: 
AST_LIB.003:2023499199). 

The Summan Plateau 12 km ESE of Ma’aqala in north-eastern 
Saudi Arabia just north-east of the northern Ad Dahna Desert. 
Here, the Lower Miocene Hadrukh Formation, forming the scarp 
and small tableland, rests disconformably on the Paleocene-Lower 
Eocene Umm er Radhuma Formation with a duricrust of dark fer- 
ruginous chert marking the disconformity. (Photo by H. S. Edgell). 
View of part of the eastern edge of the Ghawar-Shedgum Plateau 
showing strongly jointed sandstones of the Hofuf Formation with 
some small caves. Geology students provide a scale. (Photo by 

H. S. Edgell). 


Mountain deserts of Arabia. 
The Oman Mountains (Al Hajar) are seen here as an arc of black 
ophiolitic rocks forming most of the mountain range, but tec- 
tonic windows like Saih Hatat Dome, with exposed Ordovician 
strata and Precambrian basement, appear as an oblique oval area 
in the mid upper right. Jabal al Akhdar Dome with Paleozoic and 
Precambrian exposures appears as a grey-rimmed oval in the 
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lower centre. Width of the mosaic is 340 km. (NASA Landsat 7 
mosaic from 2000 series, courtesy of nasa.gov/mrsid/ mrsid.pl). 
Ophiolite mélange in the Oman Mountains north of Nizwa, inte- 
rior Oman. Large blocks of limestone (olistoliths) rest on the 
Sama’ il ophiolites. This is the ophio-olisto-silite association of 
Grunau (1965) (Photo by H. S. Edgell). 

View of autochthonous Cretaceous limestones at Jabal Mahil in 
the Sama’il Gap in the Oman Mountains (Al Hajar) looking west. 
Allochthonous radiolarian cherts are seen at the foot of the 
mountains. (Photo by H. S. Edgell). 

The mountainous Ru’us al Jibal of northern Oman and the much 
embayed Musandam Peninsula at its NNE end, as seen from an 
Aster VNIR mosaic. Image width is 60 km. (U. S. Geological 
Survey Aster VNIR images ID: AST_LIB.003:2026066709, 
003:2026066700, and 003:2012745403). 

A tectonic interpretation of northern Oman (Ru’us al Jibal 

and Musandam Peninsula) in relation to salt plugs and folds 

in south-eastern Iran. Dotteded fault lines across the Persian Gulf 
are inferred basement faults explaining salt plug alignments and 
dashed lines in the UAE are basement faults inferred from gravity 
studies. Emergent salt plugs in black; subsurface salt diapirs 
shaded. Note strong fault pattern in Ru’us al Jibal. (Modified from 
a sketch map by the author 1965, and from Edgell (1996). 

The massive Jurassic-Lower Cretaceous Musandam Group lime- 
stones above the village of As Seeb at the head of Khawr ash 
Shamm (Elphinstone Inlet) in the Musandam Peninsula. (Photo 
in 2000 by geocities.com/Athens/Academy/5026/ 
MusandamTrip.htm). 

Jabal as Sawdah (3,133 m), the highest mountain in Saudi 
Arabia in the Asir Highlands of south-western Arabia 15 km 
north-west of Abha. The author seated on a joint block of 
Precambrian Baysh Greenstone. (Photo by G. Edgell). 

The Tuwayq (Tuwaiq) Mountain Escarpment in east-central 
Saudi Arabia in the vicinity of Ar Riyadh. Image width is 

155 km. (U. S. Geological Survey Landsat MSS image annotated 
by the author). 

View of the fault scarp on the south side of the Nisah-Durma 
(Mugharah) Graben from the vicinity of Al Kharj, east-central 
Saudi Arabia. The fault scarp here exposes the Lower Cretaceous 
Biyadh Sandstone. (Photo by H. S. Edgell). 

View of the Khuff Escarpment formed by the Permian Khuff 
Formation in Safra as Sark looking north-east, 100 km 

SSE of Buraydah, north-central Saudi Arabia. (Photo by H. S. 
Edgell). 
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Satellite image of the Palmyrides (Palmyrene Ranges) with main 
topographic features annotated. Image width is 260 km (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/ 
mrsid.pl). 

The south-western Palmyrides as seen from the ruins of Palmyra 
(Tadmur) showing Cretaceous limestone hills near the 
north-eastern end of Jabal ash Sharqi. (Photo by H. S. Edgell). 
View of Jabal Sinjar looking south-east from near the crest and 
showing the basic anticlinal structure of the core with 
Cretaceous limestones exposed. (Photo from.babylon- 
festival...iraqpictures-jebels). 

Jabal Sinjar, an E-W trending mountain rising above the alluvial 
plains of north-western Iraq, caused by a fault propagated, dou- 
ble plunging anticline. It exposes Cretaceous strata in its eroded 
core and is sheathed by Tertiary limestones. Image width is 85 
km. (NASA Landsat 7 image, courtesy of 
nasa.gov/mrsid/mrsid.pl). 

View of snow-capped Mount Lebanon at Jabal Sannin (2,695 m) 
in central Lebanon looking north-east. (Photo by H. S. Edgell). 
View of part of the Anti-Lebanon Range looking north from the 
Damascus-Beirut road. (Photo by H. S. Edgell). 

View of the 2,814 m high snow-capped Jabal ash Shaykh (Mount 
Hermon) looking south-east from Machghara in Lebanon. The 
Syrian/Lebanese border runs along the crest of the mountain. 
(Photo by H.S. Edgell). 

View of part of the 4,568 m high Zard Kuh looking south and 
one of its four glaciers in the High Zagros of southern Iran dur- 
ing the summer. In winter, this whole area of the Zagros is cov- 
ered by at least 6 metres of snow. During the Pleistocene glacial 
intervals, such areas of expanded perennial ice had a strong 
influence on Arabian climate. (Photo by H. S. Edgell). 
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An early attempt at Quaternary palaeoclimate reconstruction for 
Ar Rub‘ al Khali based on U/Th and 14C speleothem dating in As 
Summan caves (based on isotope age determinations by Geyh, 
Hennig, and Rauert (1988), in Edgell (1989a). 

U/Th dated 8180 speleothem record of palaeoclimate changes 
over the last 425,000 years from caves in Soqutra (top left 
rectangles), southern Yemen (black rectangles), and Oman (dark 
grey rectangles) (after Fleitmann et al., 2001, Fig. 4, reproduced 
by kind permission of D. Fleitmann and A. Matter). 

170 ka 6180 record for speleothem from a west Jerusalem cave 
dated by Th/U TIMS with marine isotope stages and substages 
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by permission of the American Association for the Advancement 
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420,000 years (Petit et al., 1999 reproduced by kind permissioin 
of the Nature Publishing Group, http://www.nature.com). 
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Introduction 


The great deserts of Arabia contain the longest and largest sand dunes in the 
world, while just one Arabian desert, Ar Rub‘ al Khali, is the largest unbroken 
desert in the world, covering some 660,000 km2. These deserts have been 
formed by cyclic aridity, and driven by climatic fluctuations during the 
Quaternary Period. The deserts in Arabia need detailed studies in order to 
understand how such sand seas have been formed in terms of regional geology, 
tectonics, climatic changes, wind regimes and sedimentology. The relative sig- 
nificance of causative factors controlling activation of the extensive and var- 
ied deserts of Arabia, such as climatic changes, variations in sea level, wind 
energy and precipitation are important clues to the past history of Arabia, and 
its human occupation. Early in the drift of the Arabian Plate away from Africa, 
Arabia provided major pathways for the migration of ancient man in less arid 
intervals and facilitated his movement from Africa and into Asia during peri- 
ods of aridity and lowered sea level. With an increasing awareness of global 
warming and growing aridity, the deserts of Arabia provide significant exam- 
ples of arid processes and climate changes. The term desert implies that it is 
“deserted, unpeopled, desolate and lonely” (Oxford Dictionary), and yet people 
live in the deserts of Arabia. Relation of these people to their desert environ- 
ment provides an insight into solving many of man’s problems with increasing 
worldwide aridity and desertification. 

This is an account of the geological and geomorphological characteristics of 
various types of Arabian deserts, as well as their climate, ecology and evolu- 
tion. All of Arabia is covered in this book, where previously only scattered sci- 
entific articles and travel books, like Thesiger’s 1959 ‘Arabian Sands’ dealt 
mainly with the deserts of southern Arabia. Sand deserts are emphasized here 
because all the major deserts of Arabia are accumulations of sand, just as the 
great deserts of the Sahara, Great Sandy, Gobi, Thar, Kalahari, Namib and 
Taklimakan are all sand deserts too. Many types of deserts in Arabia are dis- 
cussed here, other than sand deserts. They include classic saline coastal 
sabkhah and interior or continental sabkhah, clayey playas (qi’an), desert 
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pavements or hamadahs, and many extensive black lava fields or harrah. It is 
not widely realised that many volcanoes in Arabia erupted in historic times, 
and even as recently as 1937. Inhospitable black rocky deserts of volcanic 
flows and cinder cones cover much of northern, western and southern Arabia, 
with a total area 4.5 times the size of Belgium. There are also large areas of 
arid plains, like the Syrian Desert, as well as arid plateaux and mountain 
deserts, in addition to numerous desert islands, such as Bahrain, and isolated 
Soqutra (Socotra), which is more than five times the size of Bahrain. 

Arabia is commonly considered as all deserts, although over 120 million peo- 
ple live there. Indeed, if we accept a common definition that a desert is any land 
area where annual precipitation is less than 10 inches or roughly 250 mm, then 
most of Arabia could be classed as desert, with the exception of Lebanon, parts of 
Syria and Iraq, and the Yemen highlands. The major deserts of Arabia, like Ar 
Rub‘ al Khali, An Nafud and Ad Dahna and some smaller ones, such as the 
Ramlat as Sab’atayn, Ramlat Al Wahibah and Al Jafurah, receive less than an 
average of 100 mm of rain annually, while most of the Rub‘ al Khali receives less 
than 50 mm a year with some parts having an average annual rainfall of under 
25 mm. They are truly desolate, barren, waterless and mostly treeless areas, being 
only sparsely inhabited by Bedouin tribes, and the occasional oil explorer. 

Study of the sand deserts of Arabia, and especially the morphology and distri- 
bution of their various sand dune types, are useful in the interpretation of 
ancient dunes. They often act as reservoirs, such as the Permo-Triassic dune 
sands of North Sea gas fields, and the Permian, aeolian Unayzah sand reservoirs 
of Saudi Arabian oilfields, south of the giant Ghawar Oilfield. The sand dunes of 
Arabia are among the largest in the world and their great linear dunes are cer- 
tainly the longest. The many types of dunes seen in Arabia and the processes of 
their formation give us an instructive insight to the ways in which ancient aeo- 
lian sandstones were formed. Sabkhah deserts of Arabia have provided a useful 
understanding of ancient evaporite deposits, which are important cap rocks in 
many of the world’s oilfields. 

Climatic conditions control the limits of arid desert lands of Arabia, affecting 
the small amount of moisture available for limited plant growth, and the water 
balance. Water resources, both surface water and groundwater, are especially 
important in the Arabian deserts. Much available water is too saline and can only 
be used after desalination, or piped long distances from seaside desalination 
plants. Modern technology has made parts of Arabia’s deserts inhabitable, as 
seen in settlements at Ash Shaybah and Ash Sharawrah, within the Rub‘ al Khali. 
Cyclic changes in climate over the last 800,000 years or more, have been the driv- 
ing force in desertification in Arabia, and continue to be so. Man has also con- 
tributed to this desertification. Intervals of cold climate, associated with 
high-latitude Quaternary glaciations, much stronger winds and lowered sea level 
have formed most of Arabia’s sand deserts. Many of the black rocky deserts of 
Arabia are lava fields formed during the stresses caused by the drift of the separa- 
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tion of the Arabian Plate from Africa, and its continuing drift towards the north 
and north-east. 

Interest in the deserts of Arabia arose through exploration from the nineteenth 
to the mid-twentieth centuries, by accounts of the travels of Palgrave, Blunt, 
Huber, Doughty, Thomas, Philby and Thesiger, plus Lawrence’s efforts to remove 
Turkish occupation. In fact, the Swiss geographer and explorer Burckhardt intro- 
duced the term ‘ar-Rab’ al-hali in 1829, meaning an empty area, for the south- 
ern desert known to Arabs as ‘ar-rimal’, and Burckhardt’s term has been adopted 
as the name for Ar Rub‘ al Khali Desert, now meaning the Empty Quarter. 

Since 1948, exploitation of Arabia’s oil resources by the Saudi Arabian Oil 
Company, Abu Dhabi National Oil Company, AGIP, Phillips, Iraq Petroleum 
Company, Kuwait Oil Company, Petroleum Development Oman and many others, 
has involved extensive search and mapping in Arabian deserts. The governments 
of Saudi Arabia, Syria, Jordan, Oman and the U.A.E. have also carried out 
detailed mapping of their desert areas. In the Arabian Peninsula, much of this 
early mapping has been carried out by the U. S. Geological Survey, while the 
German Amt fiir Bodenforschung’s geological map sheets cover Jordan, and 
another detailed series of geological map sheets were prepared by Russian geolo- 
gists for Syria. Recent more detailed mapping has been carried out by national 
surveys of each Arab country. 

This book is largely based on the author’s experience since 1954, in the Rub‘ al 
Khali, Ad Dahna, Al Jafurah, Al Liwa, Ad Dibdibba, Ramlat as Sab’atayn, and 
Syrian deserts of Arabia, and also by comparison with travels in the Western 
Desert, Libyan Desert, Lut, Gobi, Taklimakan, Mojave, Escalante, and Great Sandy 
deserts. Relevance of Arabian deserts to global warming and desertification is 
also shown, as is the importance, through human history, of Arabia as a pathway 
for the migration of man. Man has also contributed to this desertification 
through overgrazing, woodcutting, construction, warfare, vehicular use on frag- 
ile desert surfaces, and more recently by causing alarming increases in global 
warming. 

The object is to bring to the reader, student, scientist and all those interested in 
deserts, a wider understanding of the deserts of Arabia, in their many forms and 
processes, to explain the nature of these deserts, and how they originated, as well 
as to provide a chronology of their evolution. 
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Definitions of deserts 


There are a myriad of definitions for the term desert. Here, I have attempted to 
categorize the various ways in which the word desert has been used as regards 
Arabia. Almost everyone has their own real or imagined idea about the deserts of 
Arabia. Arabian deserts are, however, quite complex and diverse. They provide excel- 
lent examples of almost every type of warm desert morphology, as well as the world’s 
largest continuous sand desert, known as Ar Rub‘ al Khali or The Empty Quarter. 


1.1 DESERTS IN ANCIENT HISTORY 


The word Arab literally means ‘desert dweller,’ and the earliest reference is an 
account of the Assyrian king Salmanasser’s defeat of a desert chieftain Gindibu, 
the Aribi in a battle in 853 BC. These people lived in the desert to the southwest 
of Mesopotamia and it is also claimed that the term Arab originally comes from 
the people who inhabited Wadi Araba in southern Jordan. The people of southern 
Arabia did not speak of themselves as Arabs until the fifth century BC. The Greek 
historian Herodotus (485-425 BC) wrote: “the only country, which yields frank- 
incense is Arabia, the most distant to the south of all inhabited countries,” being 
the first reference to extend the name Arabia to the whole peninsula. It is said that 
the term Arabia comes from the Old Persian word Arab’ya’ meaning the country 
to the west and south of Mesopotamia. In the Old Testament, the word ‘Arabia’ is 
given to the country east of Ethiopia from which the Queen of Sheba came (Kings 
X. 15). Strabo in his ‘Geography’ (18-19 AD) writes — “Arabia begins on the side of 
Babylonia with Maecene (modern Kuwait). On one side of this district lies the 
desert of Arabia”. In Latinized versions of his famous map, the geographer Ptolemy 
(150 AD) divided Arabia into a north-eastern region Arabia Deserta (most of 
Syria and south-western Iraq), a north-western region Arabia Petraea (most of 
present-day Jordan), and Arabia Felix, including present-day Saudi Arabia, 
Yemen, Oman, and the Emirates. The term Eudaimon Arabia (in Latin Arabia 
Felix), literally Happy Arabia, is attributed to Alexander the Great (~323 BC) and 
is based on a misunderstanding of Yemen, or Yamin, meaning on the right-hand 
(Hansen 1964). It gets the name Arabia Felix not because of fertile land, as it also 
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includes the major sand deserts of Arabia, but because it is on the right-hand of 
Al-Sham (Syria), and Arabs consider the right-hand to be fortunate. 


1.2 ARABIAN DESERTS OF HISTORIANS 
AND EXPLORERS 


The deserts of Arabia feature prominently in mediaeval Arabic literature from the 
writings of Ibn Battuta (1304-1368), Al-Idrisi (1099-1168) and Yaqut (1179- 
1229), as well as in the travels accounts by Niebuhr (1762), Burckhardt (1829), 
Burton (1855-1866), Doughty (1877-1878), Palgrave (1865), Blunt (1881), 
Lawrence (1926), Thomas (1929-1932), Philby (1933) and Thesiger (1948-49). 
The Swiss geographer Burckhardt introduced the term ‘ar-Rab’ al-hali’ for the great 
southern desert sands of Arabia, now termed Rub‘ al Khali (literally, empty quarter), 
but known to Bedouin as ‘ar-rimal’ (the sands). In a accounts and adventures of 
these travellers, Arabian deserts have acquired a wide readership and romantic 
interest. Yet, do we really know what these deserts are like, and can we define them, 
dissect and categorize them as scientists do? This is a primary objective of this book. 


1.3 DESERTS AS DEFINED IN DICTIONARIES 


A desert is here defined as “a temperate region that receives an average annual 
rainfall of less than 250 mm a year, generally infrequent, where evaporation 
exceeds precipitation.” There are many other ways in which the term ‘desert’ has 
been defined. The ‘Shorter Oxford English Dictionary’, states that a desert is “a des- 
olate and barren region, waterless and treeless, but with scanty herbage (e.g., the 
desert of the Sahara)” or “an uninhabited and uncultivated tract of country; a 
wilderness.” A typical American dictionary, such as Webster’s, states that a desert 
is “a dry region lacking moisture to support vegetation.” The 1913 edition of 
Webster's defines a desert as “a deserted or forsaken region, a barren tract inca- 
pable of supporting population, as the vast sand plains of Asia and Africa, which 
are destitute of moisture and vegetation.” More precisely a desert is the driest 
region of temperate and tropical areas, where average annual rainfall is less than 
250 mm/year, otherwise one must include Antarctica, the world’s biggest desert, 
but one of a special kind covered by ice and snow. The European Environment 
Agency Glossary (2005) defines a desert as “an ecosystem with less than 100 mm 
of precipitation per year,” but this would limit deserts to very arid areas. 


1.4 BASIC SCIENTIFIC DEFINITIONS OF DESERTS 


A common threefold subdivision of deserts based on average annual rainfall is 
given by Grove (1977): 


Hyper-arid, where rainfall <25 mm; 
Arid, where rainfall is 25-200 mm; and 
Semi-arid, where rainfall is 200-500 mm. 
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Almost all of the Arabian Peninsula fits the description of a desert as a dry, low rain- 
fall region with sparse vegetation, except for northern Yemen, and part of Asir, and 
a small part of southern Oman (Jabal Qara). Most of Arabia receives less than 250 
mm of average annual rainfall, and yet less than a third consists of sand dune 
deserts, most consisting of arid plains, rocky deserts, clay flats (qa‘ or khabra’ 
deposits), and to lesser extent salt flats, known as sabkhah. In Arabia as a whole, 
Lebanon, and parts of Syria and Palestine are also exceptions. 

Basically, the world’s major deserts are either warm deserts, like the Arabian 
deserts, the Sahara, or the Great Sandy Desert, all lying in the Trade Winds areas 
around the tropics of Cancer and Capricorn, or cold deserts of mid latitudes, such 
as the Taklimakan Desert, which is arid due to continentality or remoteness from 
marine influences. 

Some scientists prefer to use the term dry lands claiming that the term desert is 
as botanical description, but aridity has always been the main factor defining 
deserts, and they could more appropriately be termed arid lands (Hills, 1966). 
The aridity index (AI) is widely used and is the ratio of potential annual precipi- 
tation to its average annual precipitation, or AI = P/PET, where P is annual pre- 
cipitation and PET is potential evapotranspiration (UNEP, 1992). Using this 
United Nation’s aridity index, deserts can be divided into four groups, namely: 


Hyper-arid zone, where AI = <0.05; 
Arid zone, where AI = 0.05-0.20; 
Semi-arid, where AI = 0.20-0.50; and 
Dry-sub-humid, where AI = 0.50-0.65. 


These subdivisions of aridity are based on mean annual precipitation, yet rainfall 
alone does not control aridity, as there may be years when rainfall is negligible. In 
fact, it is not the average event which most affects the landscapes of deserts, but 
the occasional unusual event such as sudden above-normal rainfall, causing 
flash floods (sayl) in non-perennial watercourses (known as widyan; pl. of wadi), 
or strong winds moving large quantities of sand. 


1.5 METEOROLOGICAL CONCEPTS OF DESERTS 


Meteorologists note that deserts form where air masses have lost their water 
vapour after travelling overland for long distances, as is the case with Arabia’s 
largest desert, the Rub‘ al Khali, formed by the Shamal winds originating in Iraq. 
They also note the role of the Inter-Tropical Convergence Zone (ITCZ), which is a 
belt of low pressure that forms, where the North-east Trade Winds and the South- 
west Trade Winds converge, so that moist air is forced upwards causing precipita- 
tion. Due to the tilt of the earth’s axis, the ITCZ moves about 20°N during the 
northern hemisphere summer, and a similar distance south of the equator dur- 
ing the northern winter. Southern Arabia, containing the world’s largest contin- 
uous sand desert, clearly lies in the northern summer realm of the ITCZ (Fig. 1.1), 
when moisture-laden winds of the South-West Monsoon blow from East Africa to 
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Fig. 1.1 Position of the Inter-Tropical Convergence Zone (ITCZ) in Arabia during sum- 
mer (July to September), between the South-West Monsoon and the north-westerly winds 
(left) and on the right during winter (December to February) with north-easterlies blowing 
from India. 


the southern coasts of Arabia, but is driest with minimal humidity during the 
northern winter when the ICTZ is far to the south. 

Most of the Rub‘ al Khali, which occupies the majority of southern Arabia, is 
truly hyper-arid with average annual rainfall of less than 50 mm and many areas 
receive no rainfall in some years. Summer temperatures average 47 °C and reach 
55 °C or even 60 °C, yet in winter, the average minimum is 12 °C and there are 
rare frosts. 


1.6 DEFINITIONS OF DESERTS BY CLIMATOLOGISTS 


The climatologist Köppen (1931) developed a quantitative system recognizing 
two types of low latitude hot dry climates, which he called B climates. These are: 


e a. Low-latitude desert (BWh, dry, arid, hot), with evaporation > precipitation 
and average temperatures >18 °C, and frost absent or infrequent (e.g., Ar Rub‘ 
al Khali, Thar and Kalahari deserts), and 

e b. Low-latitude steppe (BSh, dry, arid, hot), with evaporation > precipitation 
on average, and precipitation < half potential evaporation; mean temperature 
>18 °C (e.g., Benghazi area). 


Almost all Arabian deserts fall within K6ppen’s BWh category of dry, arid, hot, low- 
latitude deserts, although some areas to the west and north are classed as BSh, 
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or dry, arid, low-latitude steppe, as in parts of Syria and Jordan. Mediterranean 
areas and northern Syria are classed as Csa or mild, with dry hot summers. 
Highland areas of the Yemen and Asir are classed as H. K6ppen’s scheme was 
revised (Fig. 1.2) by Köppen and Geiger (1936), improved by Trewartha (1943), 
and further revised by Geiger and Pohl (1953), so that a modified version has been 
used by the Bureau of Meteorology, Melbourne (Stern et al., 2003). 

Köppen also introduced the Aridity Coefficient for the analysis of desert cli- 
mates, summarized in the following table. 





Precipitation Sub-humid/Semi-arid threshold Semi-arid/Arid threshold 





Summer P<=(T+14)2 P<=(T+12) 
No season P<+(T+7)2 P<=(T+7) 
Winter P<=T'2 P<=T 





where T = average annual temperature in degrees Celsius and P = average annual precip- 
itation in cm. 
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Fig. 1.2 Köppen-Geiger climate classification map of Arabia and surroundings. 
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Martonne (1948) proposed an index I = P/T + 10, where P is mean annual pre- 
cipitation in mm, and T is mean annual temperature in degrees Celsius. An index 
value less than 10 indicated dry climates with 5 being the limit between semi-arid 
and arid climates. Thornthwaite (1948) introduced a climatic classification based on 
temperature efficiency and precipitation effectiveness. He calculated the precipita- 
tion effectiveness by dividing the monthly precipitation and evaporation to obtain his 
P/E Ratio, and called the sum of 12 monthly P/E ratios the P/E index. Thus, for his 
Wet Humidity Provinces, the P/E index is >128, while his Semiarid Humidity 
Province has a P/E index of 16-31, and the Arid Humidity Province <16. 
Thornthwaite (1948) introduced the Moisture Index with the following formula: 


1 = 100s- 60d 
m n 


where 1, is the Moisture Index, s the water supply, d water deficiency, and n the 
water need. Using this index, areas with from —20 to —40 were classed as semi- 
arid and those < —40 defined as arid. 

Meigs (1953) added to the semi-arid and arid climatic types of Thornthwaite 
by introducing an extreme-arid climate having a moisture index below —57, 
where annual rainfall is <25 mm, with no seasonal precipitation rhythm, and 
where at least 12 consecutive rainless months have been recorded. This low- 
moisture index applies to much of the Rub‘ al Khali Desert. The part of Meig’s 
map of climate zones for Arabia is shown below (Fig. 1.3). 

The link between climate and geomorphology was suggested by Tricart and 
Cailleux (1973), who proposed a worldwide system of morphoclimatic zones. 
According to their system, most of Arabia lies in the Tropical Arid morphocli- 
matic zone, except for most of Iraq, northern Syria and the northern Yemen, 
which lie in the Tropical Semi-arid morphoclimatic zone. 

Recently, statistical classification methods and supercomputers have been used 
allowing huge data sets of the order of 104 days to be classified. 


1.7 BOTANISTS’ DEFINITIONS OF DESERTS 


Botanists consider that deserts are areas of sparse and specialised vegetation and 
refer to them as desert biomes, or “areas, in which deficient and uncertain rain- 
fall has made a strong impression on structure, functions and behaviour of living 
things” (Shreve, 1934). Many different names have been applied by botanists to 
Arabian deserts. Newbigin (1936) included them in the ‘Northern 
Palaeotropical Region’. A recent ‘Vegetation Map of the Middle East’ by Stanford 
University refers most of Arabia to the ‘Saharo—Sindyan province’. As an eco- 
region, the World Wildlife Fund (WWW) (2001) named the region the ‘Arabian 
Desert and East Sahero—Arabian xeric shrublands’. The most detailed bioclimatic 
classification is that of Rivas-Martinez et al. (1999), which places the deserts of 
southern Arabia in the ‘Desertic Tropical, Thermotropical, Hyperarid biocli- 
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Fig. 1.3 Climatic zones in Arabia. Grey areas are semi-arid; white areas are arid; Dotted 
areas, like the Rub‘ al Khali, are extremely arid. Letters are: E = extremely arid; A = arid; 
S = semi-arid; a = no marked rainfall season; b = summer rain; c = winter rain. The first 
digit is mean temperature of coldest month; second digit is mean temperature of warmest 
month on the scale 0 = < 0 °C; 1 = 0-10 °C; 2 = 10-20 °C; 3 = 20-30 °C; 4 = >30 °C. 
(Modified from Meigs, 1953.) 


mate’, while much of northern Arabia is termed ‘Mediterranean 
Desertic—Continental (Steppic), Low Arid bioclimate’. 


1.8 DEFINITIONS OF DESERTS BY REMOTE SENSING 


Remote sensing can now detect not only vegetation cover, but also the density, health 
and type of vegetation. A special Vegetative Index (VI) developed from remote sens- 
ing sensitive to infrared reflectance from plant cells uses the ratio of Landsat 
Thematic Mapper Band 4 to Band 3 (VI = TM 4 — 3/4 + 3), so that deserts appear red 
to orange. A more advanced Normalized Difference Vegetative Index (NDVI) is based 
on NOAAs Advanced Very High Resolution Radiometer (AVHRR) imagery showing 
the desert areas of Arabia in grey and areas under threat of desertification in pink. 
The NVDI data are measurements of the density of terrestrial vegetation as 
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determined by the ratio of visible and infrared reflectivity. More specifically, NDVI is 
defined as NIR — RED/NIR + RED, where NIR is near-infrared and RED is visible red 
light. Using the Moderate Resolution Imaging Spectrometer (MODIS), an NDVI map 
is obtained, which is a normalized ratio of the near-infrared and red bands. Almost 
all the Arabian Peninsula lies within the lowest NDVI values of 0.00 —0.20, typical 
of arid deserts (Fig. 1.4). 

Albedo images of Arabia taken by MODIS from the Terra satellite provide a very 
good view of its sandy deserts as reflectivity is measured and light-coloured sand 
areas are clearly delimited in orange to white (Tsvetsinskaya et al., 2002), 
although almost equally arid areas of rocky desert covered by Quaternary lava 
flows have low albedo and appear dark (Fig. 1.5). The contrast between the dark 
areas, which absorb more light and become heated and cooler light sandy desert 
areas where light is reflected, partly drives the daily weather of Arabia. Most 
weather maps incorrectly assume a uniform surface for the Arabian Peninsula. 


1.9 DEFINITIONS OF DESERTS BY 
GEOMORPHOLOGISTS 


Geomorphologists have a clear understanding of deserts as the characteristic 
landforms produced by arid climates, where rainfall is infrequent and evaporation 
exceeds precipitation. Chemical processes are retarded and physical processes, 
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Fig. 1.4 Normalised Difference Vegetative Index (NDVI) map of Arabia for May 2003 
(Image courtesy of NOAA, 2003). 
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Fig. 1.5 Albedo image of Arabia. Dark areas are volcanics, or ophiolites in northern 
Oman. Light grey areas are deserts. (MODIS image modified from NASA and Tsvetsinskaya 
et al., 2002.) 


such as exfoliation and wind action, are common. Frequently used terms for 
desert landform types are sandy desert, stony desert, rocky desert, coastal desert, 
lowland desert, desert plateau and mountain desert, while terms for desert salt 
flats or sabkhah, and claypan desert, called qa‘, faydah or khabra’, are less well- 
known, although occurring commonly in Arabia. There are also many desert 
islands in the seas around Arabia, some quite large like Bahrain and Soqutra. The 
large Shatt al Arab delta, built by the Euphrates, Tigris and Karun rivers, is also 
an arid desert delta. 


Chapter 2 





Types of deserts and landform 
regions of Arabia 


Major types of deserts found in Arabia are discussed in this chapter, namely sandy 
deserts, stony deserts, rocky deserts, claypan deserts, salt flat or evaporite deserts, 
coastal deserts, desert islands, desert deltas, desert plains, desert plateaux, and moun- 
tain deserts. The most widespread and striking are the sandy deserts, (in Arabic, ar 
rimal, meaning ‘the sands’), such as Ar Rub‘ al Khali Desert, the world’s largest, con- 
tinuous, sand dune desert. It occupies most of the southern part of the Arabian 
Peninsula with a dune-interdune area of 522,340 km/?, and an overall area of 
660,000 km?. 

The geomorphological provinces or landform regions of Arabia are briefly dis- 
cussed to provide a background to further discussion of Arabian deserts. These have 
been shown for most of Arabia on maps by Raisz (1956), Barth (1976, 1980), Edgell 
(1989c), Brown et al., (1989) and Guba and Glennie (1998), but generally Syria, 
Iraq, Jordan and Palestine have been excluded. They are included here with refer- 
ence amongst others to the works of Ponikarov et al., (1967) for Syria, Al-Naqib 
(1967) for Iraq, Bender (1968, 1974) for Jordan and Palestine, Fuchs et al., (1968) 
for Kuwait and Embabi et al., (1993) for the UAE. Landform regions of Arabia can be 
divided into coastal plains, salt flats, or sabkhah areas, deltas, desert islands, sand 
deserts, plateaux, mountains, and scarp mountain regions (cuestas) and are evident 
on the relief map of Arabia from a Digital Elevation Model (DEM) (Fig. 2.1). 

The topography of Arabia is shown on the accompanying map (Fig. 2.2). 
Geomorphological regions of Arabia referred to in Section 2.14 are shown in 
Fig. 2.5, since they are largely related to topography and underlying geology. 


2.1 ARID COASTAL PLAINS 


The nearly 200 km long Red Sea coastal plain, or Tihamah, on the west side of 
Arabia is widest in the south up to 60 km behind Al Hudaydah (Hodeida), but 
narrows northward to Ra’s al Aswad. It recommences around Jiddah as what has 
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Fig. 2.1 Digital Elevation Model (DEM) of Arabia showing major relief features. 
A mosaic constructed from four NIMA DEM images. Some irregular highs in the central 
and western Rub‘ al Khali are computer artifacts in the original DEM. (Source: NIMA.) 


been called the Jeddah Plains (Raisz, 1956) or Tihamah (Jado and Zötl, 1984) 
extending as far as Umm Lajj. North of Umm Lajj, only isolated, narrow pockets 
of coastal plain are encountered. The Tihamah consists mostly of piedmont 
deposits, bordered partly by raised coralline platforms, and lies at the foot of the 
scarp edge of uplifted mountain plateaux of Yemen, Asir and Hejaz. 

Another large coastal plain occurs on the north-east of Arabia bordering the 
Persian Gulf and is referred to here as Al Hasa—Kuwait coastal plain. It extends 
from the western edge of the Shatt al Arab delta south-eastward for 650 km to the 
Gulf of Salwah and reaches inland to the north-eastern margin of As Summan 
plateau. Along its margin with the Persian Gulf, this coastal plain includes many 
areas of sabkhah, while inland it includes numerous hills, such as those around 
Ad Dhahran, or the Jal az Zor escarpment in Kuwait. 

Al Batinah coastal plain forms a large piedmont type plain to the north and 
north-east of the Oman Mountains (Al Hajar) stretching in an arc for 250 km 
and from 5 to 20 km wide. 
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Fig. 2.2 Topographical map of Arabia, with contours labelled in metres. Scale: 1: 
22,000.000. (Modified from data in Hearn et al., 2003.) 


2.2 SABKHAH AREAS (SIBAKH) 


Salt flats known by the Arabic term sabkhah (pl. sibakh) occur around much of 
the desert coast of Arabia. The most conspicuous are those of the coastal UAE 
between Abu Dhabi and Umm al Qawain, which extend inland for up to 24 km 
and the largest is Sabkhat Matti reaching inland for 150 km and covering 6,000 km? 
of the northern Rub‘ al Khali Desert. Numerous sabkhah areas also extend along 
the south-eastern coast of Qatar, southern Bahrain, and along the north-eastern 
coast of Saudi Arabia. Narrow strips of continental sabkhah occur frequently 
between the megabarchans. They are especially evident as areas of continental 
sabkhah between megadunes of ‘Uruq al Mu’taridah and between cuestas of the 
sedimentary arc east of the Arabian Shield. Continental sabkhah is also found in 
eastern Jordan and at several localities in Syria. 
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2.3 DELTAS 


The 15,000 km? Shatt al Arab delta is an arid region at the head of the Persian 
Gulf extending 160 km inland to where the Euphrates and Tigris rivers meet, 
but sediments from the larger Karun River contribute the majority of sedi- 
ment. A large alluvial fan at the end of Wadi al Batin-Wadi ar Rimah drainage 
system, known as the Dibdibba alluvial gravel plain, is classified by Holm 
(1960) as a delta, since it was built up by streams flowing during Pleistocene 
wetter intervals. 


2.4 DESERT ISLANDS 


There are many desert islands around the coasts of Arabia, including some of con- 
siderable size, such as Bahrain and the considerably larger Soqutra Island. These 
islands can all be grouped according to their origin as either alluvial islands or 
structural islands, and amongst the latter there are islands due to uplift by folding 
and faulting, or those due to salt diapirs. Alluvial islands include the large Bubiyan 
Island and adjacent Warbah Island both formed by estuarine sediment overflow 
from the Shatt al Arab delta, as well as Jazirat Abu Ali and Jazirat Batinah just 
north of Al Jubayl. Tarut Island is also possibly alluvial, although Halbouty (1970) 
has suggested that it is of diapiric origin. Islands caused by structural uplift include 
Bahrain, a partly submerged anticline, Failaka (Fulayka’), an offshore remnant of 
the Jal az Zor escarpment, Soqutra Island (Socotra) and the Kuria Muria Islands 
due to basement uplifts, as well as Masirah Island, an ophiolite block uplifted and 
moved by obduction onto the Arabian Shelf. Jazirat al Ghubbah and Jazirat al Jirab 
are also due to local uplifts just off the northern UAE coast. All the other islands in 
the Arabian half of the Persian Gulf are due to Hormuz Series salt diapirs, includ- 
ing Karan, Jana and Jurayd in the western Persian Gulf and Halul, Dalma, Sir Bani 
Yas, Arzanah, Qarnein, Das, Zirku (Zarqa), Sir Bu Nair, Abu Musa and the two 
Tunb islands, all in the eastern Persian Gulf. In the Red Sea, there are 128 islands 
in the Saudi offshore alone. Many of the small ones are coral islands, but the two 
large islands of the Farasan Islands group (Jaz’air Farasan) are due to Miocene salt 
diapirism, as is Kamaran Island off the western coast of Yemen. Others are of vol- 
canic origin, such as the islands of Perim, Hanish al Kabir and Az Zuqur. Tiran 
(high point 243 m) and nearby Sinafir islands are relatively large islands at the 
approach to the Gulf of Aqaba, both formed by uplifted blocks of Neogene 
greywacke bordered by coral reefs. 


2.5 CLAYPAN DESERTS (QA‘, KHABRA’, AND 
FAYDAH DEPOSITS) 


A feature of desert landforms is the lack of well-developed drainage, due to 
the very low rainfall. There are a great many small internal drainage basins 
in Arabia. 
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Sediments from ephemeral streams or widyan accumulate at the lowest point of 
each endorheic basin to form claypan deposits of silt and clay and some sand, known 
in Arabia as qa‘, khabra’ or faydah. The area of individual qa‘ is usually not too large, 
but they are numerous. An example of a larger qa‘ is the Jafr depression (Qa‘ al Jafr) 
in south-eastern Jordan, where a flat claypan covers 240 km. Many qa‘ deposits, or 
qi’an, are thus related to old channels that drained the sedimentary escarpments and 
the Arabian Shield basement rocks. There is no clear distinction between ephemeral 
lacustrine deposits and claypans or qa‘, since most qa‘ have been ephemeral lakes 
many times during their formation, as in Al Mudawarrah Depression. Some old lacus- 
trine deposits do contain carbonate and shell remains, but this is not always the case. 


2.6 YARDANGS 


Yardangs are sharp ridges of incompetent sediment oriented parallel to the prevailing 
wind and caused by the abrasive action of windborne sand. They can also be formed 
by wind action on limestone, anhydrite or sandstone outcrops causing sharp ridges 
along the direction of the prevailing wind. In Arabia, they are not as prominent as in 
the Lut Desert of south-eastern Iran, but they do occur as a feature of the landform 
in Bahrain, and are also found near Palmyra (Tadmur) in eastern Syria (Fig. 3.9). The 
numerous occurrences of wind-grooved and fluted bedrock surfaces are one type of 
yardang seen commonly in Ad Dhahran area (Fig. 4.17), and also recorded from 
Bahrain. Two groups are distinguished on bedrock surfaces in Bahrain, namely 
micro-faceted surfaces with a relief of 5-30 cm as seen south of Jabal ad Dukhan, and 
surfaces with a relief of 0.3-2 m; the latter being more common. In the Central 
Plateau of Bahrain, groups of yardangs occur as elongate, parallel hills from 6 to 15 
m high and 20-170 m long, while smaller ‘true’ yardangs occur in south-western 
Bahrain with an amplitude of 1-1.5 m and a spacing of 50 m (Doornkamp et al., 
1980). In north-eastern Arabia, elongate limestone hills up to 10 m high oriented 
parallel to the prevailing north-west wind were observed near Ad Dhahran (Brown, 
1960). Similar features observed on Bahrain south-east of Jabal Camp are considered 
to be yardangs (Doornkamp et al., 1980). Yardang troughs are another feature 
occurring as deep wind-scoured joints bearing N 70° E at the southern end of Jabal 
Salma in crystalline Precambrian rocks of the Arabian Shield (Brown et al., 1989). 


2.7 DURICRUST 


Thin hardened layers or case-hardening of soil and surface sediments, termed 
duricrust, can be observed at many places in Arabia. This duricrust is formed 
by the accumulation of aluminous, siliceous, calcareous, ferruginous, gypsif- 
erous and manganese salts in the zone of weathering. The most common duri- 
crust in Arabia is a hardened calcareous layer, called calcrete, although 
gypsum crust or gypcrete is a widespread form of duricrust in the Eastern 
Province of Saudi Arabia, south-eastern UAE, and in Bahrain as noted by 
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Doornkamp et al. (1980). Most duricrust has formed where the groundwater 
table has been close to the surface. This is clearly the case in the Abqaiq-Ain 
Dar area, where sheets of gypsum crystals form duricrust, or are present as 
masses of gypsum crystals (‘sand roses’) usually mixed with much siliceous 
sand, just above the shallow, saline groundwater table (Fig. 16.9). Calcareous 
duricrust, or calcrete, covers large areas of northern Saudi Arabia, and occurs 
south of Al Jawf, where it forms a narrow, flat, regolith plain extending as an 
east-west belt 90 km long and up to 14 km wide on the northern edge of An 
Nafud Desert. In Al Labbah area on the north-east edge of An Nafud, calcare- 
ous duricrust has developed on the Aruma Formation limestones, and has also 
formed remnant duricrust ridges on limestones of the Umm er Radhuma 
Formation, as well as on Neogene sand and marls in Al Jurayhah area. This 
calcareous duricrust forms a discontinuous mantle of red, brown, grey, tan 
and yellow, usually hard, sandy secondary limestone. It commonly contains 
fragments of underlying rocks, and varies in thickness from a few centimetres 
to 3 to 4 m. Coarse, frosted, quartz grains are usually present (Bramkamp and 
Ramirez (1963) and they recognise two main types of calcareous duricrust, 
one with smooth surfaces of duricrust gravel and another with smooth-sur- 
faced duricrust mixed with other limestone, chert and basement complex 
gravel. Khalifa (2003) distinguished two types of calcareous duricrust in Al 
Qasim Province: the first type formed on Palaeozoic sandstones and Triassic 
formations as scattered nodules a few centimetres to decimetres thick and the 
second type on the Permian Khuff Formation as a 60-160 cm thick of white 
massive calcrete capped by porous nodular duricrust with manganese oxide as 
pore fillings. Lensoid calcrete deposits occur in Wadi Dana, southern Jordan at 
various heights from 1 to 125 m above the wadi bed and infill palaeochannels. 
The younger calcrete deposits there are micritic, while older calcretes are 
mostly sparite due to longer residence (McLaren, 2004). 

Relict dendritic drainage is often developed on this calcareous duricrust. 
Similar occurrences are at Al Huj and Al Hathahil on Al Widyan Plateau. 
Calcareous duricrust is extensively developed on the Neogene sands, marls and 
calcareous sandstones of the low As Summan Plateau, where it is described from 
near Ma’aqala (Felber et al., 1978). A large area of calcareous duricrust also 
occurs in the Shedgum area on calcareous beds of the Neogene Hofuf Formation 
on the plateau surface, outliers, walls of widyan and terrace surfaces (Chapman 
1971). Older topographic surfaces are richer in calcium and poorer in silica, so 
that the degree of alteration is a function of age, while thickness is largely climate 
dependent, although the type of parent rock and the slope are additional factors. 
There are many small areas of duricrust on the Arabian Shield. They are consid- 
ered by the Saudi Geological Survey to have formed during two intervals of 
encrustation: one during the Early Quaternary and the other during the Late 
Pliocene, when the climate was semi-arid, but rainier than at present (Nehlig 
et al., 1999). Hard ferruginous duricrust, ferricrete, sometimes called laterite, has 
also formed on the Middle Miocene Afjar Formation sandstones in the south- 
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western corner of An Nafud (Vaslet et al., 1994). A small Palaeozoic sandstone 
knoll in the south-western An Nafud is capped by ferricrete duricrust, and 
Whitney et al., (1983) considers this laterite surface to be the old Eocene or Early 
Oligocene surface on which An Nafud sand dunes were deposited. A capping of 
ferruginous duricrust is found on outcrops of Lower Cretaceous sandstones in the 
As Sulayyil area (Fig. 2.3). 

Similar laterites exist at Jabal Umm Himar near At Ta’if (Madden et al., 1979) 
and below Middle to Late Oligocene basalt flows of Jabal as Sarat in Asir, where 
there is a 20—50 m thick deeply weathered lateritic and sapropelitic profile typi- 
cal formed during Early Tertiary tropical conditions (Overstreet et al., 1978). 
Another type of alumina-rich duricrust, sometimes called alcrete, develops as 
bauxite in humid conditions. Palaeolaterite, developed as alumina-rich duricrust 
under ancient humid conditions at an Early Cretaceous (Aptian-Albian) unconfor- 
mity, occurs at Az Zabirah (27° 56’ N., 43° 43’ E.) with up to 60.20% ALO,. The 
clays beneath the Mid Tertiary basalts at Jabal as Sarat also have high alumina 
content averaging 28% alumina and suggesting their formation under humid con- 
ditions as an old bauxitic duricrust. There have been three main Cenozoic duricrust 
forming intervals: the Early Quaternary, Late Pliocene and Early Oligocene to 
Paleocene. Calcareous duricrust (kalkkrusten) is reported from the Homs-Hama, 
and Aleppo (Halab) areas of Syria and appear in this semi-arid steppe, where they 
are an Early Quaternary age. Gypsum crust occurs in the Jazirah (Jezirah) region 





Fig. 2.3 Ferruginous duricrust, or laterite capping, developed on the Lower Cretaceous 
Biyadh Sandstone near As Sulayyil, Saudi Arabia. (Photo by H. S. Edgell.) 
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west of the Euphrates, and to the north and south of the Palmyrene Ranges 
(Wolfart, 1967). In Jordan, calcareous duricrust has developed on Cretaceous and 
Tertiary calcareous formations in northern and western Jordan, where it is up to 
2 m thick, also being found in central Jordan above Pleistocene fluvial gravels of 
Jurf ad Darawish as calcrete, although referred to a ‘caliche’ (Bender, 1968, 
1974). Dolocrete is also known from some areas of Arabia, especially the south- 
eastern interior UAE in interdunes, where it extends for 29.5 km north of Umm 
az Zimal covering 592 km? and has a thickness of 18 m. This thick crust of 
dense, whitish dolomite is mostly unfossiliferous, but some beds contain mol- 
lusks, and it is considered Pleistocene (El-Sayed, 1999). Dolocrete of this type is 
known to form in Mg-rich lake waters under evaporative conditions (Anand 
et al., 2001), and it is suggested that this low area in the south-eastern UAE was 
a lake in wetter, semi-arid, Late Pleistocene times. Lenses of calcareous dolocrete 
also occur in old wadi channels in the Al Ain area of the eastern UAE, often cov- 
ered by alluvial gravels (El-Ghawaby and El-Sayed, 1997). 


2.8 KARST FEATURES 


It is surprising to find widespread karst features in the arid desert landforms of 
Arabia. They are legacies of former, rainier conditions primarily during wetter 
intervals of the Pleistocene. Some limestones, such as those of the Umm er 
Radhuma and Dammam formations, seem to have been more susceptible to 
solution than others. Their exposures contain numerous sinkholes known as 
duhul (sing.dahl) and large cave systems are developed in these formations. In 
southern Oman, the 250-m deep Teyq sinkhole 22 km NNW of Mirbat (Fig. 
17.10b) and the nearby Tawi Atayr sinkhole 211 m deep are collapsed caves in 
the Umm er Radhuma Formation limestone, both leading away to cave systems 
(Edgell, 2001). The 158-m deep Majlis al Jihn cave developed in the Dammam 
Formation of the Selma plateau of Al Hajar ash Sharqi in NE Oman is also said 
to be one of the world’s largest caves. The Shisur sinkhole of interior Dhofar, 
claimed by NASA to be “the lost city of Ubar,” is another collapsed cave in the 
Damman Formation (Figs. 6.22a, and 6.22b). Lower Tertiary limestones crop 
out over more than 54,200 km? in the Hadramawt-Dhofar Arch and contain 
many caves and sinkholes, having been first recorded from the Hadramawt by 
von Wissmann (1957). On Soqutra Island, large caves occur in the Paleocene 
limestones, such as the 2 km long Hog Cave in the north-east and the Moomi 
Caves in the eastern karst plateau. The main central and south-western 
Paleocene-Eocene plateau has well developed karst features, such as dolinas, 
lapies and the South-west Caves has one sinkhole 500 m in diameter and 70 m 
deep (Burns, 2001). In Saudi Arabia, Umm er Radhuma exposures extend 
for 1,200 km along the Interior Homocline and also extend into south- 
western Iraq, with an overall area of 36,800 km?. They contain many 
hundreds of karst sinkholes (Fig. 2.4), many of which extend into structurally 
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Fig. 2.4 Karst sinkhole, or dahl, in the Paleogene Umm er Radhuma limestone of the As 
Summan Plateau, north-eastern Saudi Arabia. (Photo by H. S. Edgell.) 


controlled cave systems up to 1.1 km long (Benischke et al., 1987; Edgell 1987}, 
1989b, 1993). 

Widespread occurrences of karst phenomena have been recorded from the 
Eocene Rus and Dammam formations in Qatar, where they have mostly formed as 
duhul, or as caves and numerous shallow collapse depressions during the Middle 
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Pleistocene (Sadiq and Nasir, 2002). Karst has even developed in the Upper 
Jurassic Hith Anhydrite, as seen in the 120 m deep Dahl Hit 35 km south-east of 
Ar Riyadh, where this anhydrite is 98% pure in the upper 77 m. Dating of 
spelothems in caves from Saudi Arabia and in Oman has provided important evi- 
dence on the age of rainier intervals of the Holocene and Pleistocene (Edgell, 
1989a; Burns et al., 2001; Fleitmann et al., 2001a, 2002a, 2004b). 


2.9 STONY DESERTS 


Erosion of the Arabian Shield and its cover of sedimentary strata has caused great 
gravel outwash sheets to be deposited, as well as very numerous piedmont fans and 
bajadas, especially during more humid conditions of the Pliocene and Pleistocene. 
These stony gravel areas constitute the main stony deserts of Arabia. Flat-lying 
strata have weathered under desert conditions, particularly in south-eastern Syria 
and eastern Jordan, to form chert and rock debris stony deserts known as hamadah. 


2.10 ROCKY DESERTS 


Most of the Cenozoic volcanic fields, or harrah, of Arabia form black, rocky terrain 
filled with basalt blocks, often including jagged lava flows of recent appearance, as 
well as slag crusts and volcanic cones and craters. The recent origin of much of this 
volcanism is generally not realised, and much occurred in historical times, the most 
recent being the volcanic flows of Harrat ad Dhamar in interior Yemen in 1937. 
Some volcanic flows date back to Middle to Late Oligocene as at Jabal as Sarat, while 
the discovery of the swine-like, primitive artiodactylid Masritherium beneath vol- 
canics in Wadi Sabya, south-western Saudi Arabia, proves that flows there are of 
earliest Miocene age (Madden et al., 1983). The majority of the Arabian Shield is 
also a rocky desert with many sharp rocky ridges, kopjes and inselbergs. The south- 
ern third of the Sinai Peninsula is also a rocky desert of dissected Precambrian 
igneous and metamorphic rocks, rising to 2,637 m in Jabal (Gebel) Katherina. 


2.11 SAND SEAS 


The major sand dune deserts of Arabia are considered as ‘sand seas’, a term used 
by Wilson (1973) to describe large dunefields over 12,000 km? in area. These 
include Ar Rub‘ al Khali, An Nafud or Great Nafud, Ad Dahna and Al Jafurah, as 
well as the smaller Ramlat as Sab’atayn and Ramlat al Wahibah (Wahiba Sands). 
Both the Great Nafud and the Rub‘ al Khali occupy structural depressions to the 
north and south of the Arabian Shield, while Ad Dahna forms a long belt of sand 
dunes skirting the escarpments of the Interior Homocline and connecting these 
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two large sand seas. Ar Rub‘ al Khali is the largest continuous sand desert in the 
world occupying the surface of a large sedimentary basin between the Arabian 
Shield and the Hadramawt-Dhofar Arch. It contains primarily transverse sand 
dunes in the north, some being megabarchans up to 230 m high, and long, lin- 
ear, giant dunes known as ‘uruq in the centre and south-west. The Great Nafud is 
less than one-tenth the size of the Rub‘ al Khali and has mainly large, reddish lin- 
ear dunes trending east-west, with many areas of transverse and barchanoid 
dunes in the west. Towards the east the trend of the linear An Nafud dunes turns 
gradually to the south-east to join the Dahna, which forms an arcuate belt bowed 
towards the east and less than 50 km wide. The Dahna consists of linear dunes or 
‘uruq and extends from 28° N to 22° N over a length of 1,287 km. The Jafurah 
Desert (Al Jafurah) occupies an area in north-eastern Saudi Arabia south of the 
Gulf of Bahrain and north of Wadi as Sahba’ and is composed of both barchans 
and parabolic dunes. The Wahiba Sands (Ramlat Al Wahibah) form a small sand 
sea just south of the eastern Oman Mountains (Al Hajar as Sharqi) and are 
mainly calcareous, linear, megadunes formed by the South-West Monsoon 
(Kharif). Ramlat as Sab’atayn is a slightly larger sand sea extending from west to 
east for 250 km with a tongue emanating from the western Wadi Hadramawt. 


2.12 DESERT PLATEAUX 


The main desert plateaux of Arabia are the Arabian Shield or Najd Plateau, 
Hejaz-Asir-N. Yemen plateau highlands, Tubayq-Hishmah Plateau, Hadramawt- 
Dhofar Plateau, As Summan-Widyan Plateau, Eastern Jordanian Plateau, North- 
eastern Jordanian Limestone Plateau, Shamiyah Plateau of south-east Syria, and 
the Jabal ad Druze-Hauran Volcanic Plateau of southern Syria and northern 
Jordan. Among the desert plateaux of Arabia, the Najd Plateau covering most of 
the Arabian Shield is by far the largest extending from 20° 40’ N to 28° N. It con- 
sists of an extensive plateau, from 800 to 1,200 m in elevation, developed mainly 
on Precambrian igneous and metamorphic rocks often covered by large areas of 
Cenozoic basalts (harrah) in its western part. The old basement rocks are exten- 
sively weathered and inselbergs are frequent. Brown et al. (1989) refer to this 
plateau as the Najd Pediplain. 

A plateau 1,800 km long occurs on the uplifted western margin of Arabia and 
includes the plateau highlands of northern Yemen, adjoining areas of the Asir 
Plateau and continues north-west into the Hejaz Plateau with a slight gap around 
Al Makkah (Mecca). Although these areas are often referred to as separate 
plateaux, they are all part of one long plateau, which decreases in altitude 
towards the north-west from 3,700 m in the Yemen to around 2,400 m in the 
Asir and between 2,000 and 400 m in the Hejaz. Granitic and metamorphic base- 
ment rocks underlie much of this long plateau covered with large areas of 
Cenozoic volcanics and the Oligocene Trap Series volcanics in northern Yemen, 
where there are areas of older sediments like the sandy Amran Formation. 
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The Hishmah Plateau extends from the Tubayq Highlands in southern Jordan for 
150 km south-westward into Saudi Arabia. It is mainly a Palaeozoic sandstone 
plateau 1,800 m high in southern Jordan, and is 1,100 m sloping eastward to 
800 m in north-western Saudi Arabia near the Great Nafud at 28° N, but contains 
basalt flows of the Harrat ar Rahah in the south-east, where the surface is built up 
to 2,000 m. 

In Jordan, to the east of the Wadi Araba-Jordan rift valley, there is a 40-60 km 
wide N-S uplifted plateau 1,050 m to 800 m in elevation called the Eastern 
Jordanian Plateau. A 270 km wide limestone plateau extends to the eastern bor- 
ders of Jordan, which is called the North-eastern Jordanian Limestone Plateau by 
Bender (1968, 1974). It is bordered on the south by At Tubayq-Hishmah sand- 
stone plateau on the south-west by the Wadi as Sirhan Depression, and on the 
north by the basalt plateau of the Hauran. 

The large east-west Hadramawt Plateau extends from the Ramlat as Sab’atayn 
eastward into the near coastal plateau mountains of Dhofar and is known as the 
Hadramawt-Dhofar Arch. This 300—1,200 m high plateau is developed in dis- 
sected Paleocene and Eocene limestones and is transected by the 200 km long 
Wadi Hadramawt and its south-eastern continuation Wadi Masilah. The plateau 
continues into Dhofar where plateau-like mountains of Jabal Qamr, Jabal Qara, 
and Jabal Samhan are bordered by down-faulting to the south, reaching an ele- 
vation of 1,536 m in Jabal Samhan. 

As Summan Plateau is some 700 km long and forms a broad arc east of the 
sedimentary escarpments of east-central Arabia. It is a relatively low plateau 400 m 
in elevation to the west and 240 m in the east, being composed of very gently east- 
dipping Tertiary strata and has numerous buttes and mesas. After the gap formed 
by the Wadi ar Rimah—Wadi al Batin system, the low plateau begins again 
towards the north-west, where it is called the Widyan Plateau and extends into 
northern Saudi Arabia and western Iraq parallel to the Saudi/Iraq border. On the 
west, it reaches the Cretaceous and even Triassic sediments of the Rutbah-Ha’il 
Arch around Ga’ara (Qa’ara). The Widyan Plateau is dissected by many small 
north-east flowing widyan as its name suggests (widyan, the Arabic plural of 
wadi), and is developed in low north-east dipping limestones of the Cretaceous 
Aruma Formation. 

The Jabal ad Druze-Hauran Volcanic Plateau occupies a large area of southern 
Syria and northern Jordan even extending into the north-western corner of 
Saudi Arabia in the Harrat ash Shamah (Harrat al Harrah). Its highest point in 
Jabal ad Druze is 1,735 m in elevation, but most of the Late Tertiary—Quaternary 
basaltic volcanic plateau is from 700 to 1,300 m high and has a distinct 
hummock-and-hollow relief together with large areas of blocky lava. 

In south-eastern Syria, north-western Iraq and north-eastern Jordan, there is 
a low plateau of limestone terrain referred to as the Chami Plateau (Ponikarov et 
al., 1967), or more properly the Shamiyah Plateau (Badiyat ash Sham). Bender 
(1968) refers to it as the North-east Jordanian Limestone Plateau (Nordost 
Jordanisches Kalkplateau). This plateau is relatively low 600-850 m with a 
table-like surface and consists mainly of resistant Paleogene limestones often 
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nummulitic and cherty with a sheath of weathering products. On the north, it is 
bounded by a small scarp separating it from the Jazirah Plains (Jezireh) of eastern 
Syria and western Iraq. 


2.13 DESERT MOUNTAINS 


The mountains of Arabia are the Oman Mountains (Al Hajar), part of the Yemen 
Highlands, Midyan Mountains, scarp mountains of east central Saudi Arabia, the 
horst anticlines of Mount Lebanon, the Anti-Lebanon, Jabal an Nusayriyah, or 
Ansariyeh, and the Palmyrides, as well as the isolated mountain uplifts of Jabal 
‘Abd Al ‘Aziz and Jabal Sinjar. Part of the Zagros Ranges cut across the northern 
part of Iraq in Kurdistan, but are largely excluded from discussion as they receive 
good rainfall and are not part of the desert mountains of Arabia, as also applies 
to Mount Lebanon, the Anti-Lebanon and Jabal an Nusayriyah. 

Al Hajar, or the Oman Mountains, forms the largest mountain range in Arabia 
with a 600 km long north-east-facing arc of dissected, ophiolitic rocks with cores 
of Precambrian and Ordovician rocks. Towards the north, in the Ru’us al Jibal 
Permian, Jurassic and Cretaceous limestones form the range. Elevations in Al 
Hajar range from 500 to 3,017 m in Jabal Akhdar. 

Most of the Yemen Highlands form a high plateau from 1,500 to 2,500 m high, 
but there is a raised horst along the west bordering the Red Sea Rift with eleva- 
tions reaching 3,760 m at Jabal an Nabi Shu’ayb to the WSW of Sana’a, which is 
the highest point in Arabia covered with ice for some days a year. These moun- 
tains can be seen around Manakah and extend north to the Saudi/Yemen border 
east of Sa’dah. Part of this mountain highland reaches into the southern Asir, 
where isolated peaks like Jabal as Sawdah (3,133 m) form the highest mountains 
in Saudi Arabia. 

The Midyan Mountains, or Ash Shifa’, mountains are uplifted, highly dis- 
sected, scarp mountains of Precambrian, crystalline, basement rocks bordering 
the northern part of the Red Sea and adjacent to the Gulf of Aqaba. They extend 
from Latitudes 27° 30’ N to 29° 30’ N with deep canyons and knife ridges, the 
highest point is Jabal al Lawz (2,680 m), although five other peaks are over 2,000 m. 
Altitudes in the Midyan Mountains range from 400 to 2,680 m. 

Mountains in the Zagros Ranges of north-eastern Iraq are as high as 3,600 m 
in Haji Ibrahim, but this is outside desert areas. 

Jabal ‘Abd Al ‘Aziz is an east-west trending isolated mountain range in the 
Jazirah (Jezireh) region of the north-eastern Syrian Desert reaching an elevation 
of 922 m. It is about 35 km long and less than 5 km wide and consists of 
Paleogene strata with a Mesozoic core uplifted by faulting along the northern 
side. Jabal Sinjar is a similar, isolated, east-west trending range in northern Iraq 
about 45 km long, but uplifted by anticlinal folding. 

A chain of low mountains extends diagonally from south-west to north-east 
across Syria, branching off from the Anti-Lebanon north-east of Damascus. 
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These mountains are the Palmyrides or Palmyrene Ranges, with altitudes 
between 1,000 and 1,300 m. They are essentially a series of fold mountains 
formed by transpression due to the anti-clockwise rotation of the Arabian Plate 
as the Red Sea opened and individual folds are draped over faults. Ranges of the 
southern Palmyrides are mostly elongated, NE-SW trending anticlines causing 
steep slopes and narrow watersheds, while ranges of the northern Palmyrides 
trend NNE and are broad brachyanticlines with gentle slopes and broad water- 
sheds. The long Ad Daww depression largely separates the southern ranges, 
sometimes collectively referred to as Jabal ar Ruwayq, from those of the north. 
To the east of the Arabian Shield, and Najd Plateau, there is a remarkable suc- 
cession of sedimentary escarpments, or cuestas, formed by the more resistant 
limestone formations with long valleys hollowed out in the intervening softer, 
sandy and silty formations. The result is a series of scarp mountains arranged in 
an arc concave to the west, of which the Tuwayq Mountain escarpment or Jabal 
Tuwayq is the most prominent with elevations of 600—1,080 m and extending 
for distance of 720 m broken only by the Central Arabian (Mugharah) Graben 
around Al Kharj. A further 180 km of this Jurassic scarp continues south as Al 
Arid after the gap created by Wadi ad Dawasir. Other parallel, but less prominent 
scarp mountains are the Marrat, Jilh and Khuff escarpments to the west of the 
Tuwayq Mountain escarpment, and the Cretaceous Aruma escarpment to the east 
of Jabal Tuwaygq. The highest point in Egypt is in the desert plateau of southern 
Sinai Peninsula at Jabal (Gebel) Katherina, which reaches a height of 2,637 m. 


2.14 GEOMORPHOLOGICAL PROVINCES OF ARABIA 


The geomorphological provinces of the Arabian Peninsula have been shown on a 
map accompanying Brown et al. (1989), although the rest of Arabia, Jordan, 
Syria, Iraq, Palestine, Israel and Sinai were excluded. The following scheme of 
geomorphological provinces for all of Arabia is proposed here (Fig. 2.5): 


) Crystalline Uplands of the Arabian Shield 

) Crystalline Uplands of southern Sinai 

) Al Kawr Mountains Crystalline Uplands of south Yemen 

) Solat Crystalline Plain of south-eastern Dhofar 

) Hugf Depression of north-eastern Oman 

) Scarp Mountains of Midyan, Ash Shifa’ and Asir 

) Greater Tabuk Basin 

) Rutbah-Sakakah-Jawf Palaeozoic-Mesozoic Arch 

) South Jordan Sandstone Plateau of Tubayq, Hishmah and Ram 

0) Central Arabian Escarpments or Interior Homocline 

1) Central Sinai El Tih and ‘Igma Plateaux 

2) Oman Mountains (Al Hajar) and Ru’us al Jibal-Musandam Peninsula 

3) Mediterranean Coast Ranges of Syria, Lebanon and Israel/Palestine (Jabal 
an Nusayriyah-Jabal ash Shaykh -Jabal Barouk-Jabal al Khalil) 
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Fig. 2.5 Geomorphological provinces of Arabia. 


) Wadi Araba-Dead Sea-Beka’a-Ghab Rift 

) Anti-Lebanon-Jabal ash Shaykh (Sheikh) Mountains 

) West Jordanian Highlands 

) Eastern Jordanian Plateau 

) Central Syrian-North-eastern Jordanian Limestone Plateau 

) Wadi as Sirhan Depression 

) Palmyrides (Palmyrene Ranges) 

) Plateau Plains of Homs-Hama and Halab (Aleppo) 

) Zagros Fold Ranges of north-eastern Iraq 

) Block Fold Mountains of Jabal ‘Abd Al-’ Aziz and Jabal Sinjar 

) Hadramawt-Mahrah-Dhofar Plateau 

) Najd Low Plateau of Interior Yemen, Dhofar, and Jiddat al Harasis 
) Interior Oman Bajada 
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Fig. 2.6 Part of the Precambrian Solat area of southern Oman (geomorphological 
province 4, Fig. 2.5) seen here at the town of Mirbat (Murbat) with Upper Proterozoic red- 
dish brown sandstones, siltstones and basal fluvio-marine glacial beds of the Murbat 
Formation in the middle distance, forming the mountain slopes. Jabal Samhan, beneath 
the clouds is the easternmost part of the Hadramawt-Dhofar Plateau (geomorphological 
province 24, Fig. 2.5), and consists of Paleogene limestones underlain by Cretaceous car- 
bonates, marls and a basal sandstone. The sub-horizontal Tertiary-Cretaceous sequence 
rests with a pronounced angular unconformity on the north-dipping Proterozoic sedi- 
ments, which in turn rest with nonconformity on older Late Proterozoic igneous and 
metamorphic rocks. Here, the whitish rocks on which Mirbat is partly built belong to the 
706 Ma Mirbat Granodiorite. (Photo by H. S. Edgell.) 
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(38) Al Jazirah Alluvial Plain and Terraces 
(39) Mesopotamian Alluvial Plain 
(40) Shatt al Arab Delta 
(41) Baiji Desert 

(42) Southern Iraq Alluvial Plains Desert 

(43) Ash Shamiyah Desert 

(44) Sinai-Negev Desert 

(45) An Nafud Desert 

(46) Nafud al Mazhur 

(47) Nafud areas within Central Escarpments (Nafud ath Thuwayrat, N. as Sirr. 
N. Qunayfidah, N. ash Shuqayyiqah, N. al Ghamis, N. at Tarafiyah, Nafud 
ad Dahi) 

Ad Dahna Desert 

Al Jafurah Desert 

Ar Rub‘ al Khali Desert 

Ramlat al Wahibah (Wahiba Sands) 

Ramlat as Sab’atayn 

Mahrah Coastal Plain 

Jabal ad Druze-Hauran-Ash Shaba-Harrat ash Shamah Volcanic Plateau 
Interior Plateau of E. Syria and NW Iraq 

Dibdibba Delta, or Alluvial Fan 

Northern Syrian Platform 

Alluvial Terraces of NW Rub‘ al Khali 

Harrat ‘Uwayrid 

Ma’rib-Jawf coastal and interior depression 

Wajid Sandstone Plateau 
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Geological setting of 
Arabian deserts 


The distribution and nature of the deserts of Arabia are determined in part by the 
geology of Arabia (Fig. 3.1) and adjacent areas. This geological setting forms a 
necessary background to understanding Arabian deserts. A brief account of 
regional geology is given together with maps of the generalized structure and 
geology of all of Arabia, as many of the publications refer only to the Arabian 
Peninsula, excluding a large part of Arabia to the north of Latitude 30°N. 


3.1 GEOLOGICAL EVOLUTION OF ARABIA 


Arabia began as a low-lying north-eastern corner of Africa with the shallow seaway 
of the Tethys lapping onto its north-eastern margin. Predominantly shallow water, 
marine sediments were deposited in this gently subsiding seaway from Cambro- 
Ordovician to the Early Tertiary, although there were intervals of non-deposition. 
Some deposits reflect Late Ordovician and Late Carboniferous glacial conditions, as 
well as rare desert conditions in the Early Permian. These sedimentary layers did not 
cover all of Arabia and a small part towards the south-west seems to have remained 
exposed since Late Precambrian as part of the bulge in the earth’s crust called the 
Arabo-Nubian Shield. During the Cretaceous, much of south-western Arabia was 
warm subtropical lowland, but the majority of what we now call Arabia was covered 
by shallow sea in which carbonate sediments were deposited. The Sama’il (Semail) 
Ophiolites and deep oceanic sediments were obducted onto the far north-eastern cor- 
ner of Arabia in the Late Cretaceous, but did not begin to form the Oman Mountains 
until some 5 million years ago, while 200 m elevated Quaternary terraces near 
Muscat attest to more recent uplift. During the Oligocene and Early Miocene, a broad 
seaway extended across north-eastern Arabia from southern Iran and the UAE to 
southern Oman, with the Sama’il Ophiolites only present as islands in the far north- 
east. Some 25 million years ago, in the Late Oligocene, Arabia began to split away 
from Africa with great uplifts on either side of a fissure that developed into the Red 
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Fig. 3.1 Geological map of Arabia with legend. (Modified from data in Hearn et al., 
2003.) 


Sea. Arabia then became a separate tectonic plate, and the drift away from the 
African Plate caused crustal thinning with the release of vast lava flows, especially 
along the uplifted western margin of Arabia. The splitting away of the Arabian Plate 
from Africa took place not only along the Red Sea, but also between Somalia and 
Arabia with opening of the Gulf of Aden and the formation of a line of Late Cenozoic 
volcanoes along the edge of southern Arabia. Volcanic flows and vents are numerous 
in western Arabia, including Jordan, Syria, Saudi Arabia and Yemen. Many having 
continued to be active into historic time and the most recent eruption occurred in 
1937 in the Dhamar area of northern Yemen. Since Yemen lies at a triple junction 
over 4,000 m of volcanic layers accumulated there now eroded to over 2, OOO m, 
accounting for it being the highest part of Arabia. The northern drift of Arabia led to 
the Dead Sea Transform Fault with a left-lateral displacement of 105 km, as the Sinai 
microplate and most of the Levant became separated. 
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The Arabian Plate drifted north-east (Fig. 3.2) at rates now estimated from GPS 
measurements to be 25 mm/year for Oman (McCluskey et al., 2003, Vernant 
et al., 2004, Regard et al., 2004), or 15.7 mm/year for the southern Red Sea 
(Walpersdorf et al., 2000). This general northward motion of the Arabian Plate is 
greater in the Oman and progressively less towards the Bitlis suture causing a 
slight anticlockwise rotation of the plate. As a result of this northward movement, 
the Iranian Plate has been under-ridden by the subduction of the Arabian Plate, 
causing the uplift of the Zagros and Taurus Ranges, seen also in northern Iraq. 
Best alignment of features on both sides of the Red Sea occurs when Arabia is 
rotated by 6.7° around a pole at latitude 34.6°N, longitude 18.1°E (Becker, 2004). 
As the Red Sea widened to receive Miocene salt and carbonate deposits, the west- 
ern edge of Arabia was even more uplifted, a process that continued into the 
Pliocene, so that Arabia became a tilted block sloping towards the newly created 
Persian Gulf, except for the newly formed Hadramawt-Dhofar Arch. In northern 
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Fig. 3.2 Arabian Plate and its separation from the African Plate, showing its relation to 
adjacent tectonic plates. Rates and directions of plate movements indicated by arrows. 
(Base map modified from Jakob and Quittmayer (1979); plate movements after McKenzie 
(1972), McCluskey et al. (2003), Regard et al. (2004), with additions.) 
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Arabia, the anticlockwise rotation of the Arabian Plate caused a locally thickened 
sedimentary trough of the Palmyrides to be folded by transpression and underlying 
faults into a series of NE-SW fault propagated fold ranges. The main northward 
movement of the plate in northern Arabia enhanced a system of northerly exten- 
sional fractures across Arabia, due to north-eastward movement of the plate else- 
where, which caused fissure eruptions and lava fields. A major fracture along the 
north-western side of the Arabian Plate developed into the Dead Sea Transform 
Fault, so that the Sinai Peninsula and Mediterranean coastal ranges have been dis- 
placed some 105 km southward relative to the rest of Arabia. Rapid erosion of the 
north-eastward tilted block of the Arabian Plate occurred after the opening of the 
Red Sea and uplift of western Arabia. This caused the tilted sedimentary formations 
to be fashioned into a series of dipping escarpments in an arc around the eastern 
border of the uplifted, up-arched, eroding Precambrian Arabian Shield. By the 
Pliocene, the major drainage systems of Arabia were established with large allu- 
vial fans bordering the breached sedimentary escarpments. The high Taurus and 
Zagros ranges to the north and north-east were also very rapidly eroding providing 
vast amounts of sandy sediment to the Persian Gulf and Mesopotamian Basin. The 
climate of Arabia changed during the Pleistocene with arid conditions probably 
beginning at least 1.2 million years ago, but alternating with frequent wetter inter- 
vals, often referred to as ‘pluvial’, but really, only semi-arid intervals. Arid, desert 
conditions were frequently repeated mostly corresponding with high latitude 
glaciations and intervals of lowered sea level. The deserts of Arabia mainly began 
to form during the Pleistocene. After the Holocene wetter phase from ~10,000 to 
5,500 years ago, large dunes were again formed in the last 5,500 years, when arid 
conditions have again prevailed. There is evidence that the last 2,000 years have 
been slightly less arid. 


3.2 STRUCTURAL GEOLOGY OF ARABIA 


In the broadest terms, Arabia is a rhomboidal-shaped tectonic plate bounded on the 
west by the Dead Sea Transform, and on the east by the Transform of the Owen- 
Murray Fracture Zone. Its south-western margin is formed by the Red Sea Rift, while 
the high angle Zagros Reverse Fault, west Makran (Minab-Zendan) Fault, Makran 
Subduction Zone and Bitlis Suture form the north-eastern and northern margins. 
The structural pattern of Arabia comprises five basic tectonic zones (Henson, 
1951) that become younger and less stable towards the north and north-east. 
They are: (1) Arabian Shield and southern Sinai — cratonic, Precambrian, mainly 
crystalline rocks, (2) Stable Shelf — gently dipping Palaeozoic, Mesozoic and older 
Cenozoic strata forming an arc around the northern and eastern edges of the 
Arabian Shield, (3) Unstable Shelf — very gently dipping Phanerozoic strata 
underlain by tensional block faulting with dominant north-south taphrogenesis, 
(4) Zone of Marginal Troughs extending from northern Syria through Iraq and 
southern Iran bordered by the Zagros and Bitlis sutures, (5) Zone of 
Allochthonous Nappes forming the Oman Mountains (Al Hajar) (Fig. 3.3). 
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Fig. 3.3 Major tectonic zones of Arabia. (Modified from Henson, 1951.) 


In more detail, the structural features of Arabia are more numerous and 
complex as shown in Fig. 3.4. 

The core structural province is formed by the Arabian Shield of Precambrian 
metamorphic and igneous rocks with the Central Arabian Arch doming it up in an 
east-west direction. The Interior Homocline comprises the arc of exposed east dip- 
ping sedimentary strata along the eastern margin of the Arabian Shield. A narrow 
Central Arabian Graben, sometimes called the Nisah-Durma Graben or Mugharah 
Graben, runs east-west near Kharj and effectively divides the Interior Homocline 
into two parts, the North-eastern Interior Homocline and the Eastern Interior 
Homocline. The Arabian Platform lies along the north-eastern coast of Arabia, suc- 
ceeded to the north by the West Persian Gulf Salt Basin, which is separated by the 
north-trending Qatar Arch from the Fastern Salt Basin with thick mobile Hormuz 
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Fig. 3.4 Main structural features of Arabia. (Modified from Edgell, 1997a.) 


Series salt deposits forming many salt diapirs and offshore islands (Edgell, 1991, 
1996). These salt deposits extend into interior Oman where they are locally known 
as the Fahud, Ghaba, East Oman and South Oman salt basins. The Rub‘ al Khali 
Basin extends 1,200 km south-west from the Eastern Persian Gulf Salt Basin and is 
flanked on the south-east by the Hadramawt-Dhofar Arch and on the north-east by 
the arc of the Oman Mountains (Al Hajar), with the escarpments of the Eastern 
Interior Homocline forming its north-western border. It is not an enclosed basin as 
it is open to the north, but is a major embayment or half basin apparent in the dis- 
tribution and isopachs of Permian sediments (Edgell, 1977). At its south-western 
end, the Rub‘ al Khali Basin abuts a southward prong of the Arabian Shield and 
another more southerly triangular shaped area referred to as the South Arabian 
Shield, or Al Kawr Shield. The Ma’rib-Al Jawf Basin lies east of Al Kawr Shield area, 
west of which lies the high Yemen Volcanic Plateau, bordered further west by the 
Tihamah and then the Red Sea Rift Basin. The large Jafr-Tabuk Basin (Pollastro 
et al., 2004), with its widespread Lower Palaeozoic outcrops occurs to the north of 
the Arabian Shield, but is limited on the north by the volcanic flows of the Jabal ad 
Druze-Harrat ash Shamah area. To the east, the Jafr-Tabuk Basin is bordered by 
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the northerly trending Ha’il-Rutbah-Kleishe Uplift. West of the latter is the Wadi 
as Sirhan Basin with Cenozoic sediments, while the north-eastern trending fold and 
thrust belt of the Palmyrides cuts obliquely across Syria almost isolating the North 
Euphrates-Mardin Basin. To the north of the Palmyrides lies the Halab Uplift, or 
Aleppo Uplift. The interior platform of the Widyan Basin lies east of the Ha’il- 
Rutbah-Kleishe Arch and north-east of the North-east Interior Homocline. The 
northerly trending Rutbah Arch or Uplift also includes the Ga’ara, Kleishie and 
Mardin Highs, as well as a structural arch extending from Ha’il through Al Jawf and 
Sakakah. Apart from the Zagros Fold Ranges, there only remains the Mesopotamian 
Foredeep, which extends through most of Iraq. From a plate tectonics point of view, 
the Zagros Fold Ranges are still part of the Arabian Plate at least until the Zagros 
Main Reverse Fault, which forms the north-eastern margin of the Arabian Plate. 
Only the Simple Folded Zone of the Zagros (Falcon, 1974) lies within the Arabian 
Plate, while the Imbricate and Thrust Zone and the Complex Folded Zone lie within 
the Iranian Plate. Some 57 structural provinces forming the basic tectonic frame- 
work of Arabia are recognized by the U.S. Geological Survey (Pollastro et al., 2004), 
and represented here with some modifications (Fig. 3.5). 





Fig. 3.5 Tectono-sedimentary Provinces of Arabia. (Modified from Pollastro et al., 2004.) 
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3.3 SUMMARY OF ARABIAN STRATIGRAPHY 


Many stratigraphic units are remarkably continuous over large areas of Arabia. 
Others are restricted within certain basins, or have different names in adjacent 
basins. In the following stratigraphic table (Fig. 3.6) for various countries of 
Arabia, the major formations and groups are shown. It is a summarized strati- 
graphic sequence for Arabia and is not all-inclusive. The author has attempted 
to show as many well-known stratigraphic units as possible. Strata of the 
Precambrian are included, primarily Proterozoic sedimentary units, since the 
Proterozoic underlies the Phanerozoic succession both in the north-eastern 
coastal areas of Saudi Arabia, and the UAE, as well as in interior basins of 
Oman. In Oman, Proterozoic sediments have been shown to be important 
source rocks reaching a thickness of 4,500 m, and even as much as 7,000 m 
(Visser, 1991). It is outside the scope of this work to show the facies changes 
between various formations. 


3.4 GEOLOGICAL RELATIONS OF ARABIAN DESERTS 


The distribution of Arabian deserts is to a large extent geologically controlled 
both in space and time. All major deserts have accumulated in depressions cre- 
ated by geological basins. This can be seen in Ar Rub‘ al Khali Desert, which 
formed in the Rub‘ al Khali Basin between the eastern Interior Homocline and 
Qatar Arch on the north and the Hadramawt-Dhofar Arch on the south-east. It 
is limited on the north-east by the arc of the Oman Mountains (Al Hajar) and on 
the south-west by parts of the Arabian Shield. A small area of the north-eastern 
Rub‘ al Khali near the Saudi/Oman border is depressed to 65 m altitude and 
around Umm as Samim it is as low as 55 m in altitude. An Nafud sand sea begins 
in the eastern part of the Tabuk Basin and extends over a low portion of the Ha’il- 
Rutbah Arch around 650 m altitude. It is limited on the east by the sedimentary 
scarps of the North-eastern Interior Homocline (650 m elevation) and to the 
north by higher areas around the Palaeozoic outcrops of Al Jawf and Sakakah 
(elevation 650-750 m). To the south, higher areas of the northern Arabian 
Shield, around 800-1,000 m altitude, define the southern border of An Nafud. 
The Ramlat as Sab’atayn also lies in the depression of the northern Ma’rib-Al 
Jawf-Shabwah Basin and is bordered to the north and north-west by the high 
southern part of the Arabian Shield and to the south-west by another high area 
of Al Kawr Shield or the Southern Arabian Shield. A high area of the western 
Hadramawt Arch forms the eastern limit of the Ramlat as Sab’atayn and the 
northern Yemen Plateau forms its western boundary. Ad Dahna sand sea is geo- 
logically controlled by the high resistant scarps of the central Arabian escarp- 
ments against which its sands have been blown to form a 1,287 km long belt 
curving around these escarpments. The younger Jafurah sand sea rests on the 
North-east Arabian Platform and is limited to the east by the synclinal trough of 
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Fig. 3.6 Stratigraphic sequence in various parts of Arabia. (Standard divisions from the 
International Commission on Stratigraphy, International Stratigraphic Chart 2004). 
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the Gulf of Bahrain-Gulf of Salwah. Its western border is formed by the east edge 
of the Greater Ghawar Uplift, while to the south-west it is limited by the southern 
As Summan Plateau and its eastward extension is in Al Jiban—Al Lughfah area. 
Ramlat Al Wahibah (Wahiba Sands) lies on the northern edge of the Masirah 
Trough and is clearly limited to the north by Al Hajar ash Sharqi (eastern Oman 
Mountains) against which its dune sands have been blown by the South-West 
Monsoon. A northern extension of the Haushi-Hugf Uplift forms the south-west- 
ern border of the Ramlat Al Wahibah and the dunefield abuts sabkhah on the 
east. Lesser dunefields mostly lie in strike valleys within the central Arabian 
escarpments where less resistant formations have been eroded between resistant 
scarp-forming formations. An example of this is Nafud ath Thuwayrat lying 
between the Tuwayq Mountain and Aruma scarps on the east and the Jilh scarp 
on the west, with the sandy Marrat and Minjur Formations having been eroded. 
Nafud Qunayfidah is a similar case. The Nafud as Sirr also lies in a strike valley 
between the Jilh and Khuff escarpments with the soft Sudair Shale having been 
eroded. The Nafud al Mazhur, with a 10-20 km wide NW-SE trending dunefield 
is also confined between the Upper Cretaceous Aruma scarp on the north-east 
and the Triassic Jilh scarp on the south-west with most intervening formations 
having been eroded. The Nafud ad Dahi is also located in a strike valley bounded 
to the east by the Jabal Tuwayq escarpment. Some dunefields have become estab- 
lished on the Arabian Shield generally in depressed areas. These include Nafud al 
‘Urayq just south of Wadi ar Rimah in the northern Arabian Shield, and Nafud 
Rumhat, Nafud as Sirrah and Nafud Hanjaran resting on the southern part of the 
Arabian Shield. 

Arabian sand deserts have also been controlled by geological events. It has been 
shown that the northern Rub‘ al Khali dunes were formed mainly in successive 
Quaternary intervals of high latitude glaciation when sea level was lowered 
(Edgell, 1989a; Juyal et al., 1998; Glennie, 1998; Glennie and Singhvi, 2002). 
Optical dating of dunes in Ar Rub‘ al Khali has also indicated a similar corre- 
spondence of dune formation with cold, glacial intervals (Lancaster et al., 2003). 
The dunes of An Nafud are considered to have formed in the same cold, arid inter- 
vals. The most complete study based on Infra Red Stimulated Luminescence 
(IRSL) dates from long cored dune sequences in the Ramlat Al Wahibah has 
demonstrated a close relation between high latitude glaciations, lowered sea-level 
and dune formation (Preusser et al., 2002). Most of the Arabian sand dune 
deserts were formed in the well-known high latitude Pleistocene glacial intervals. 
This is not exclusively the case, as shown by optical dating of several dunes in the 
north-eastern Emirates where one 16 m high dune at Idhn apparently formed in 
the last millennium, perhaps due to overgrazing, and another dune at Awafi 
formed 13.5 + 0.7 to 9.1 + 0.3 ka BP (Goudie et al., 2000a). These dunes are obvi- 
ously younger than any Quaternary glaciations and their rapid accumulation 
and relatively recent age show that there has been dune formation outside the 
framework of Pleistocene glaciations. Current active dune movements occur, but 
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are relatively small compared with the great dune-forming intervals of 
Pleistocene high latitude glaciations. The question asked by geoscientists study- 
ing the dunes of Arabia is how early in the Pleistocene did dune formation take 
place there? So far, the oldest proven by optical dating is an age of 354 + 37 ka BP 
for intrafluvial aeolian deposits in the interior Oman bajada (Glennie and 
Singhvi, 2002), and palaeodunes of the western UAE formed 160 + ka BP 
(Hadley et al., 1998). The author has suggested, on oxygen isotope evidence of 
cold climate intervals, that the dune formation in the Rub‘ al Khali may have 
begun as early as 700 ka (Edgell, 1989a) and even as early as 880 ka. Evidence 
exists of aeolian dune conditions in south-western An Nafud earlier than 1.2 Ma 
BP (Thomas et al., 1998). 


3.5 MINOR GEOLOGICAL FEATURES 


A number of smaller scale geological features in the deserts of Arabia include 
natural bridges, zeugen, yardangs, and meteorite craters. Examples of these are 
a natural rock bridge at Hanun, southern Oman; Fig. 3.7, zeugen in southern 





Fig. 3.7 Natural bridge, Hanun, southern Oman (Photo by H.S. Edgell). 
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Jordan eroded by the wind; Fig. 3.8, a yardang, at Tall at Tleileh, Sabkhah Muh, 
Tadmur area, Syria Fig. 3.9, and Wabar meteorite craters at Al Hadidah, central 
Rub‘ al Khali, Fig. 3.10. 

The three exposed Wabar meteorite craters are dated at 290 + 38 years BP 
(Prescott et al., 2004). A 2,200 kg abrasion fluted, conical, iron-nickel meteorite 
(Fig. 3.11) was recovered 400 m south of the main crater, as well as much black 
slag and impactite glass (Edgell, 1988c). 


3.6 QUATERNARY !80 FLUCTUATIONS AS RELATED 
TO SEA LEVEL CHANGES 


The almost 100 ka spacing over the last 900,000 years has been caused by pre- 
cession, with deglaciations triggered every fourth or fifth precessional cycle 
(Ridgwell and Watson, 1999). The very large, more than 220 m high, 
megabarchanoid dunes and megabarchans of the northern Rub‘ al Khali have 
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Fig. 3.8 Zeugen, or pedestal rock, near Wadi Rum, southern Jordan. (Photo reproduced 
by kind permission of Yoshiko Okonogi). 
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Fig. 3.10 Wabar meteorite craters, Al Hadidah, central Rub‘ al Khali, Saudi Arabia. 
(Photo credit E. M. Shoemaker). 
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Fig. 3.11 Fe-Ni Meteorite, Wabar, Al Hadidah, Rub‘ al Khali. Note the regmaglypts, or 
fluting, radiating from the apex of the cone, and formed during entry through the Earth’s 
atmosphere. (Photo courtesy of “Aramco World” 1986). 


still to be cored and dated, so that the earliest date of formation of this sand sea 
has still to be established. A graphic representation of the variation in the 6!8 O 
(%o) for the last 2.6 ma, (Fig. 3.12), shows the occurrences of at least ten major 
cold intervals, many of which correlate well with known Pleistocene glaciations. 
The presently accepted lower limit of the Quaternary is at 1.806 Ma BP as shown 
by a dashed line on Fig. 3.12 although many geologists prefer 2.6 Ma BP. The 
marine isotope stages (MIS) are numbered with even numbers referring to cold 
phases and odd numbers to peaks of warm climate. There is a close correlation 
between cold intervals and lower sea levels as shown on the lower scale. 
Palaeomagnetic intervals are shown to the left, with intervals of reversed polar- 
ity in white and normal polarity in black. 
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Fig. 3.12 6180 record for the Quaternary to 1.8 Ma BP and Upper Pliocene to 2.6 Ma 
BP. Note the cold dry intervals with even numbered Marine Isotope Stages (MIS) to the left 
and their correspondence with lowered sea levels shown at the base of the graph. Odd 
numbered MIS to the right show the warm phases of higher sea level. (From the Internet 
masthead of the Quaternary Research Association 2003). 
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Influences of climate 


Climatic influences have led to the formation of the deserts of Arabia. Many of 
these deserts formed during the Quaternary and the great sand dunes deserts of 
Arabia are primarily palaeo-deserts in origin, although there is still active sand 
movement. The elements of Arabia’s present-day climates are considered sepa- 
rately, because they are responsible for the continuing aridity, which has allowed 
the deserts of Arabia to persist. 


4.1 PRESENT CLIMATE OF ARABIA 


The primary elements of climate are temperature, precipitation, humidity, evap- 
oration, and wind. It is important to consider the variability in each of these ele- 
ments and also to take evaporation into account, since the latter greatly exceeds 
rainfall in most Arabian deserts. 


4.1.1 Temperature 


Summer temperatures in Ar Rub‘ al Khali Desert may exceed 60 °C and are com- 
monly above 50 °C, although a summer average for central Arabia would be 
41-42 °C. In contrast, winter temperatures can be below freezing at night and 
early morning, even in the hot deserts, and much of northern Saudi Arabia 
experiences occasional winter snow, which is common in northern Iraq, Syria 
and Jordan. An important feature of temperature is its diurnal variation, which 
is so great that it causes rocks to crack and exfoliate thus contributing to the 
fragmental material that fills piedmonts, widyan and dunefields. It should be 
emphasized that it is the extremes of temperature rather than mean tempera- 
ture, which have the greatest effect in the desert climates of Arabia. Temperature 
differentials, often due to local differences in albedo, cause winds to develop or 
form ‘cloud streets’ over dunes (Figs. 4.1a, b, and 4.2), which partly explain the 
helical roll vortices inducing flow of wind down interdunes, or shuqug (Hanna, 
1969). Cloud streets are numerous cloud bands aligned approximately parallel 
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Fig. 4.1 (a) Cross section of large linear dunes, or “uruq with cloud streets formed 
above the inversion level by convection cells. (b) Schematic diagram of roll-type convec- 
tion producing cloud streets and their relation to linear dune formation. Vector V, is the 
geostrophic wind vector. (Modified from Le Mone, 1973.) 


to the low level wind, spaced around 5-20 km apart. Moderately strong winds 
and strong, low inversion are often coincident with cloud streets, as shown in 
roll convection (Fig. 4.1b). 

The pattern of temperatures over Arabia differs considerably between summer 
and winter. In summer, mean July isotherms show a belt of high temperature 
above the 30 °C isotherm extending from north-western Syria though Iraq and 
then into the Persian Gulf and eastern Arabia. This belt of high summer tem- 
peratures (July) reaches its maximum in the Rub‘ al Khali. The Red Sea coast of 
Arabia from Yemen to the Gulf of Aqaba is another belt with high average July 
temperatures above 30 °C. Some examples of maximum average July temperatures 
are (1) Ar Riyadh 42.5 °C, (2) Ad Dhahran 42.0 °C, (3) Al Madinah 41.7 °C, (4) 
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Fig. 4.2 Cloud streets, or cloud lanes, over Ra’s Madrakah in eastern Oman and the 
adjacent Arabian Sea. Image width is 100 km and cloud streets are spaced about 6 km 
apart. (Image courtesy of Image Analysis Laboratory, NASA Johnson Space Center.) 


Jiddah 37.8 °C, (5) Muscat 37 °C, (6) Kuwait City 44.0 °C, (7) Baghdad 46.0 °C, 
(8) Dayr az Zawr 38.0 °C and (9) Amman 31.0 °C. These are, of course, high 
average summer temperatures for the month of July, while many of these cities 
experience intervals of a week or more in July when actual maximum tempera- 
tures are from 47 °C to 50 °C or more. On the Batinah coast of northern Oman 
high average summer temperature is 48 °C. During winter, however, as exempli- 
fied by January, average temperatures are much more variable. Only coastal 
southern Arabia and the Tihamah as far as Umm Lajj are above 20 °C, during 
winter as at Jiddah (28 °C), while almost all of Syria, northern Iraq, Jordan and 
northern Saudi Arabia have average winter temperatures below 10 °C (e.g. Dayr 
az Zawr 3 °C, Mosul 2 °C, Ma’an 2 °C, Ar’ar 4 °C). The majority of central and 
southern Arabia, including the Rub‘ al Khali has average January temperatures 
between 10 °C and 20 °C, although Ash Sharawrah on the south-western edge 
of the Rub‘ al Khali has an average January temperature of 12 °C, but Al 
‘Ubaylah in the northern Rub‘ al Khali has an average winter temperature of 18 
°C. Maps for the average winter and summer temperature in Arabia are shown 
in Fig. 4.3 (winter) and Fig. 4.4 (summer). 
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Fig. 4.4 Mean July (summer) isotherms for Arabia. 
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4.1.2 Precipitation 


Arabia lies in a subtropical zone where its climate is influenced by the descending 
cool dry air of a Hadley Cell, which dynamically suppresses convection and warms as 
it rises with clouds being suppressed. Consequently, most of the Arabian Peninsula 
has low precipitation and an average annual rainfall of less than 100 mm, 
including almost all of Saudi Arabia. Most of the Rub‘ al Khali has an average 
annual rainfall below 50 mm, as shown by Al Aflaj on the northern edge of that 
desert with a mean annual precipitation of 39.2 mm, while at As Sulayyil on the 
western margin of the Rub‘ al Khali, mean annual rainfall is 34.9 mm. An area in 
the south of the Rub‘ al Khali has a mean annual rainfall of less than 16 mm 
indicative of the hyper-arid conditions in this desert. Even Al Madinah, on the 
Hejaz Plateau at an altitude of 672 m, receives only 39.2 mm of average annual 
rainfall. Parts of the high Asir Plateau are the exception where over 200 mm of 
annual rainfall occur, with spot occurrences to 600 mm. The higher rainfall in the 
highlands of the south-western corner of Arabia, in Yemen and Asir is due to the 
SW Monsoon, which blows from the south-west from June until September. There 
is also a second rainy season in this region in spring (March-May) due the Red Sea 
Convergence Zone (RSCZ). A small area in the central core of the Oman 
Mountains (Al Hajar) in Jabal Akhdar has 300-350 mm of annual rainfall, but 
most of this mountain arc receives 100-200 mm and can be classed as arid. 

A most significant factor is the variability of rainfall and in some arid areas it 
may not rain for some years, as was apparent when the author was visiting the 
large empty dams on Wadi al Wire’ah and Wadi Zikt in the mountains behind 
Khawr Fakkan, eastern UAE in 2000, where it had not rained for four years. This 
variability is even more important in areas of the Empty Quarter south of Wadi 
as Sahba’ where average annual rainfall is less than 50 mm and where rain may 
not fall for some years. When rain does fall in the Rub‘ al Khali it comes mostly in 
February and March, with lesser amounts in December—January and April. Most 
stations show no rainfall from May through November. 

A map of average annual precipitation for the Rub‘ al Khali (Fig. 4.5) shows 
that almost all this desert lies within the 50 mm isohyet, except for its north-east- 
ern part, including most of the UAE. The belt of less than 50 mm rainfall even 
extends westward into Wadi ad Dawasir. Most of the Rub‘ al Khali south of 21°N 
receives less than 30 mm, and there is an area of the southern sands north-east 
of Dhofar and along the inner edge of the north slope of the Hadramawt, which 
receives under 16 mm of average annual rainfall. The belts of rainfall run east- 
west, rather than north-east to south-west as might have been expected from the 
wind pattern of the predominant Shamal, but the controlling features are topo- 
graphic. The rainfall belts in the Rub‘ al Khali are limited by the Hadramawt- 
Dhofar Arch in the south, the Asir Plateau in the west, and the escarpments of 
the Interior Homocline on the north-west. In contrast, the Ramlat Al Wahibah 
receives more than twice as much average annual rainfall as the Rub‘ al Khali 
and the Ramlat as Sab’atayn mostly receives over 100 mm/year. 
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Fig. 4.5 Mean annual precipitation in millimetres for the Rub‘ al Khali and adjacent 
areas. Isohyets constructed by the author from raw data. 


Infrequent flash floods or sayl occur, causing long dry widyan to flood, as 
occurred on April 18, 2003 when Abu Dhabi received 13 mm and Fujairah 
28 mm. Similar flash flooding affected Al Ain, where the mean annual rainfall is 
96 mm, with a 14.8 mm downpour on October 29, 2002 and a 28.8 mm down- 
pour on October 31, 2002. In March 1989, Sharjah received a downpour of 
109.2 mm in 24 hours causing extensive flooding. Rainfall at Kuwait Airport 
averages 115 mm annually, but varies from 30 mm in 1960 to 360 mm in 1954. 

The northern part of Arabia, including most of Iraq, western Syria and north- 
ern Jordan, has a mean annual rainfall of between 100 mm and 250 mm. 
Southern Jordan, the Sinai Desert and the Sinai Peninsula all receive less than 
100 mm annually. Figure 4.6 is a map of mean annual precipitation for Arabia, 
constructed from data from the U. S. Geological Survey (2003), plus additional 
data from the U. S. National Climate Data Center and MEPA. 


4.1.3 Humidity 


While the great sand dune deserts of Arabia have both very low rainfall and low 
humidity, other arid areas of Arabia have quite high humidity. Warm air can 
potentially hold more water vapour, and in areas of Arabia adjacent to the Persian 
Gulf and along the coasts of the Gulf of Aden-Red Sea-Gulf of Aqaba humidity 
can be especially high. Humidity is usually measured as relative humidity, or 
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Fig.4.6 Mean annual precipitation in millimetres for Arabia. 


actual vapour pressure + saturated vapour pressure x 100. Some examples of this 
for locations with average morning relative humidity along the Arabian side of 
the Persian Gulf are: (1) Kuwait City January 80%, July 24%; (2) Dhahran 
January 82%, July 44%; (3) Abu Dhabi January 81%, July 69%. Evening figures 
are lower in all cases. Along the Arabian Red Sea coast examples are: (1) Al 
Hudaydah January 66%, July 60%, and (2) Jiddah January 70%, July 74%. 
Average monthly relative humidity for Ash Shaybah in the north-eastern Rub‘ al 
Khali is 26% in July and 60% in December with an annual average of 44%. In Al 
Liwa’, in the interior UAE, mean minimum relative humidity is less than 20%. 
Humidity along the Red Sea coast is more uniformly high throughout the year, 
while more northerly locations along the Persian Gulf have higher humidity in 
winter than in summer. The south-eastern coast of Arabia, especially Dhofar, is 
anomalous having exceptionally high humidity during the South-West Monsoon, 
or Kharif. Salalah on the south-eastern coast has a mean maximum humidity of 
90% in June, 96% in July, 97% in August and 90% in September, causing an 
unusual lowering of temperatures in midsummer (e.g. June 29 °C, July 26 °C, 
August 25 °C). The verdant vegetation of the Dhofar coast and nearby mountains 
is due to high humidity and accompanying drizzle (Fig. 4.11b). The effect of the 
South-West Monsoon is felt from southern Yemen to the Jiddat al Harasis in 
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Oman where coastal fog occurs. Although vegetation is sparse, this is the fog that 
makes that desert live. Humidity maps are given for winter (Fig. 4.7) and summer 
(Fig. 4.8), the latter showing influence of the moist SW Monsoon, or Kharif, on 
most of south-eastern Arabia. 
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Fig. 4.8 Relative humidity for Arabia (late June). 
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4.1.4 Evaporation 


In the desert conditions prevailing in most of Arabia, evaporation greatly exceeds 
precipitation. Measurements of annual potential pan evaporation near Karak in 
central Jordan are 2,200 mm, or mean monthly evaporation of 183 mm, where 
the annual rainfall is 154 mm. At the head of the Gulf of Aqaba, annual evapo- 
ration figures for Elat are 4,800 mm where the annual average rainfall is 32.4 mm. 
Along the western coast of the Sinai Peninsula, average annual evaporation at 
Suez is 3,400 mm compared with a mean annual rainfall of 21 mm, while fur- 
ther south at El Tur, where annual rainfall averages only 15 mm, the average 
evaporation is 3,400 mm/year. For the Jiddah-Makkah-At Ta’if area mean 
monthly pan evaporation rates range from 200 mm to 216 mm and similar con- 
ditions occur on the Persian Gulf at Qatif. In the interior, at Ar Riyadh, average 
monthly evaporation figures are higher at 290 mm, or 3,480 mm/year where the 
annual rainfall is 100 mm, while at As Sulayyil on the edge of the south-western 
Rub‘ al Khali Class A pan evaporation of 5,250 mm was averaged over 9 years. 
Data for Ash Shaybah in the north-eastern Rub‘ al Khali shows an annual evap- 
oration rate of 4,170 mm, reaching a peak of 640 mm in June and falling to 140 
mm in December (Williams, 1979). At Kuwait International Airport, mean 
annual pan evaporation was 3,460 mm for 1962-1977, where the average 
annual rainfall is 115 mm. The potential yearly evaporation at Al Ain is 3,322 
mm, where the annual rainfall is 96 mm. Within the Rub‘ al Khali evaporation is 
even higher to over 5,000 mm/year, where the average annual rainfall is less 
than 100 mm and below 50 mm for most of this desert. Effective precipitation in 
Jabal Akhdar is only 45 mm, despite the annual rainfall of 300-350 mm as evap- 
otranspiration remains high at 2,800 mm (FAO Report for Oman, 1996). 


4.1.5 Winds 


The resultant of the wind systems in Saudi Arabia is clearly shown by the trend 
of the great linear sand dunes. The Khamsin wind, said to blow for fifty days, but 
rarely for more than seven days, originates in North Africa and blows from Egypt 
across northern Saudi Arabia, as seen in the E-W alignment of large linear 
dunes, or ‘uruq, in the northern half of An Nafud Desert. It is deflected to the 
south-east by the strong Shamal winds originating in Iraq, which blow down the 
Persian Gulf and north-eastern Arabia, especially from late May to early July, as 
seen in the large linear dunes (‘uruq) of Ad Dahna, the barchans of south-east- 
ern Qatar, and the linear dunes of the UAE. Basically, the Shamal occurs due to 
monsoon circulation, when a heat low over Pakistan causes a secondary low- 
pressure centre in south-eastern Iran. Anticlockwise circulation around this low- 
pressure centre combines with clockwise winds from a semi-permanent high over 
northern Saudi Arabia to create a wind enhancement known as the Shamal 
(Best, 2000). Arabic names are given to winds from different directions, such as 
Shamal for north-westerly or northerly winds, Khamsin for south-westerly or 
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westerly winds, Simoom for a violent hot wind from North Africa, Haboob for a 
strong north-easterly wind, Suhaili for south-westerly winds, Saus for south- 
easterly winds, Belat for an offshore winter wind in the Aden area, and the Kharif, 
or moisture-bearing South-West Monsoon. In north-eastern Arabia and the adja- 
cent Gulf, it is estimated that 48% of winds are from the north-west, 42% from 
the south-east and 10% from the south—west. The different wind patterns in 
Arabia are shown in maps for winter (Fig. 4.9) and summer (Fig. 4.10) and there 
is a striking difference for southern Arabia. 


4.1.5.1 Shamal 


Shamal winds occur both in summer and winter, but the summer Shamal is by 
far the more significant. The sammer Shamal is a persistent wind that blows over 
Iraq and eastern Arabia from late May to early July. It results from circulation 
around a semi-permanent high-pressure cell over northern Arabia combined 
with cyclonic circulation around a low-pressure cell in Afghanistan, and thermal 
low pressure over southern Arabia associated with the monsoon trough. These 
winds are confined to a layer from the surface to a height of 1,500 m, and the 
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Fig. 4.9 Winter winds (December—February). (from ‘Saudi Arabian Wind Energy Atlas’, 
Al-Ansari et al., 1986) 
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Fig. 4.10 Summer winds (June-August). (from ‘Saudi Arabian Wind Energy Atlas’, 
Al-Ansari et al., 1986) 


Shamal can be particularly strong in the daytime, especially midday and after- 
noon, but falls off overnight. Shamal events may last several weeks, and are often 
called the ‘40-day Shamal.’ 

The Shamal is a dry wind with velocities averaging 48 km/h which transports 
huge loads of sand and dust. This dominant wind blows down the Persian Gulf 
from NW to SE and crosses the Emirates as a northerly, but farther south it is 
turned to a NNE-SSW direction, and then crosses most of the Rub‘ al Khali as a 
NE-SW wind. This change in direction is due to the influence of the Coriolis 
Effect, which causes the Trade Winds. During summer virtually no rain falls in 
Iraq, and the north—westerly Shamal winds reach their greatest intensity. They 
can last for 40 days with average wind speeds of 46 km/h and up to 93 km/h as 
gusts, carrying huge amounts of dust, as well as sand (Fig. 13.1). In the north- 
eastern Rub‘ al Khali, Shamal winds attain their peak in June and sometimes last 
until early July with wind speeds of 37-50 km/h blowing dust and sand. The 
winter Shamal is less prolonged, usually lasting 2-3 days, and sometimes 3-5 days. 
It occurs within 1-3 times during winter, and can produce strong winds of 
55 km/h and gusts of up to 74 km/h. More sand transport is caused by the high 
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energy summer Shamal as has been shown from high resolution wind data 
from two automated wind stations north of Al Jubayl where stronger winds blow 
at 9-12 m/s. In Al Jubayl area of the Kuwait-Al Hasa coastal plain and north- 
ernmost Al Jafurah, the year can be divided into six separate wind regimes, 
namely (1) high energy north-west winds from the Mediterranean — 
November—February; (2) a bimodal cyclonic end phase with some easterly winds 
— March; (3) a moderate eastern spring phase — April; (4) a complex transition 
phase leading up to summer with winds from various directions, but with gen- 
erally high velocities — May; (5) a high energy summer Shamal regime with the 
strongest winds — June-August; and (6) a low energy autumn phase with vari- 
able, low energy winds — September—October. The two high-energy phases of the 
summer Shamal and winter north-west cyclonic storms are the most significant 
for sand transport (Barth, 2001a). 

For the Arabian sand dune deserts, the Shamal continues to be the dominant 
wind. Millions of tons of sand are carried into the Rub‘ al Khali by each storm, 
although the bulk of sand in the great dune systems of An Nafud and the Rub‘ al 
Khali deserts accumulated in colder intervals of the Late Quaternary when winds 
were much stronger. 


4.1.5.2 Khamsin 


The Khamsin, from the Arabic ‘rih al khamsin,’ or literally the wind of fifty days 
referring to the Khamsin season, generally blows for only 2-3 days and rarely 
more than a week. It is a hot and dry south wind that blows out of Egypt and east- 
ward into Arabia. Khamsin winds run from late February to June, reaching their 
peak in April with high winds from 56 to 75 km/hr., stirring up desert sand- 
storms. A typical Khamsin depression may cover an area of 100-160 km in 
diameter. It is an important wind in northern Arabia and its trace can be seen on 
satellite imagery by huge sand streaks across Jordan and northern Saudi Arabia. 


4.1.5.3 Simoom (Sharqiyyah, Sharkiye, Sirocco, Scirocco) 


The Simoom, literally ‘poison wind,’ (correctly sumum) is a hot, dry and dusty 
easterly to south-easterly desert wind that blows in Palestine, Jordan, Syria and 
northern Saudi Arabia. Its temperature may be above 54 °C and humidity may 
drop below 10%. The name Simoom or poison wind is because it may cause heat 
stroke. Its duration is at most a few days. This wind is also known as the 
Sharqiyyah (Arabic for ‘easterly’), or Sharkiye in Jordan, or the Sharki in the 
Persian Gulf, and is the same as the Sirocco of North Africa. 


4.1.5.4 Haboob 


The Haboob, from the Arabic habb ‘to blow’ was originally named from the Sudan 
for a dust storm followed by rain which comes 24 times/year in the Sudan and is 
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also common in Libya. A Haboob is a dust storm caused by convective downbursts, 
and comes as a wall of dust and sand. The dust may range from 10 to 50 um, but 
larger particles up to several millimeters may be included. Winds within a Haboob 
may reach 90 km/hr., but the Haboob itself moves at half that speed. They are rel- 
atively short-lived and occur in Iraq during summer when the Zagros Ranges allow 
sufficient convective lift to initiate them. Some also blow across the Red Sea into 
western Arabia from the Sudan through the Tokar Gap carrying dust, although fre- 
quently deflected south-eastward by the western escarpment of Arabia. 


4.1.5.5 Suhaili 


This is the Arabic name for the star Canopus and for a strong, short-lived and 
south-westerly wind, which blows up from Africa in autumn carrying dust and 
rain behind it. The Suhaili travels at about 70 km/h and often brings welcome 
relief to arid conditions. 


4.1.5.6 Saus 


The Saus wind comes from the south-east or east south-east and blows across 
eastern Arabia as a mild low velocity wind. It blew for a protracted period during 
April and May when oil from Kuwait was released into the Persian Gulf during 
the 1991 Gulf War, and effectively blocked the south—eastward spread of oil spills 
down the north-east coast of Arabia, so that vital desalination facilities were rel- 
atively unaffected. 


4.1.5.7 Laawan 


In Arabia, this wind blows from the west during harvest time and is a mild wind 
helping farmers in winnowing grain, hence its name meaning the ‘helper.’ 


4.1.5.8 Kharif (Khareef) 


The Kharif is a wind of the South-West Monsoon, which blows along the coast 
of southern Arabia from June to September as the Inter-Tropical Convergence 
Zone (ITCZ) moves north in summer. It brings hazy rain, cloud and moisture, 
especially to the southern Oman province of Dhofar in the interval 
21/6—-21/9, where the coastal plain and mountains become clothed in green 
as vegetation is renewed. The Jabal Qara plateau becomes like a vast lawn in 
the middle of each Arabian summer (Fig. 4.11b). Along the coast of southern 
Arabia and extending inland for 100-150 km, the wind system that prevails 
from June until late September is the South-West Monsoon, or Kharif 
(Fig. 4.1 1a). 

This moisture-laden wind is largely responsible for the fertility of the northern 
Yemen highlands, which stand in its path. Most of southern Arabia lies parallel to 
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(a) 


Fig. 4.lla The Kharif, or South-West Monsoon with its moisture-laden winds blowing 
against limestone cliffs of the Paleogene Umm er Radhuma Formation, Jabal Qara 
escarpment, Dhofar, Oman. (Photo credit S. Al-Yafei) 


this wind, with the exception of the Yemen highlands, Soqutra, and the Dhofar 
plateau mountains. Central coastal Dhofar benefits from summer rainfall, being 
backed by mountains in the monsoon’s path (Fig. 4.11b). The influence of the 
South-West Monsoon winds is felt as far north as north-eastern Oman. These winds 
bring moisture as far as the inner edge of the Dhofar Mountains (Jabal Qamar, Jabal 
Qara and Jabal Samhan), but very little moisture to the najd of interior Dhofar, as at 
Thumrayt where average annual precipitation is only 60 mm. Influence of Kharif 
winds extend to the southern edge of the Rub‘ al Khali where a series of pyramidal 
dunes reflect their influence, as well as some linear dunes with slip faces facing 
north-east (Fig. 9.24). 

Its effect is also felt in coastal parts of southern Yemen and to a lesser extent in 
eastern parts of north Oman. The Kharif has played a vital role in forming the 
Ramlat Al Wahibah (Wahiba Sands) in Pleistocene glacial intervals of low sea level. 


4.1.5.9 Belat 


The Belat is a strong north to north-west land wind, which blows offshore in the 
Aden area during December to March in an opposite sense to the Kharif. It can 
reach 55 km/h in some coastal areas, but is relatively infrequent. 
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Fig. 4.11b The Jabal Qara mountain plateau in Dhofar, southern Oman, during the 
Kharif, or South-West Monsoon. There is a bright green grass cover in the middle of 
summer, which lasts only a month or two from July through August. Note the misty, drizzly 
conditions as seen on the horizon. (Photo by H. S. Edgell.) 


4.1.5.10 N’aschi (Nashi) 


This is the Arabic name for a north-easterly wind that occurs near the entrance 
to the Persian Gulf and in adjacent areas of north-eastern Arabia. It blows dur- 
ing winter and is part of the winter Asiatic monsoon representing the outflow of 
cold air from central Asia. 


4.1.5.11 Mediterranean prefrontal storms 


Syria, Jordan, Iraq and northern Saudi Arabia are affected by prefrontal dust 
storms as low-pressure areas move across the region ahead of cold fronts. Dense 
dust storms can be produced by stronger prefrontal winds ahead of the strength- 
ened cold front. These winds are usually westerly or south-westerly. In the Red Sea, 
winds originating in the Mediterranean blow from NW to SE as far as the Bab al 
Mandab during July. Winter winds are southerly or south-westerly in the south-eastern 
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part of the Red Sea, but tend to blow from the NW as far as Jiddah. Both Syria 
and Jordan are influenced by westerly winds from the Mediterranean during the 
summer, and by north—west cold winds from Europe and western Russia during the 
winter bringing rain and occasional snowfalls. Occasional snowfalls can extend 
into northern Saudi Arabia. Exceptionally, snow may reach as far east as Ra’s al 
Khaimah where snow fell on February 28-29, 2004 after 40 years. Snowfall also 
occurs on the higher parts of the Oman Mountains, or Al Hajar. The Mediterranean 
influence extends into Iraq where the so-called Cyprus lows produce most rain and 
thunderstorms during winter. An example is shown of the prefrontal dust storm of 
March 25, 2003 in Iraq (Fig. 4.12) produced by the interaction of polar and sub- 
tropical jet streams. This particular dust storm came as a shock to invading U.S. 
Army forces, and was followed by strong rain producing muddy conditions. 


4.1.5.12 Wind energy distribution (Present-day) 


A study of wind energy in Saudi Arabia (Al-Ansari et al., 1986) has shown a rel- 
atively quiet area lying between Al Jabrin and Ash Shaybah in the north central 


Weather Map for the Middle East Showing Conditions 
for a Prefrontal Dust Storm 
24-hr Prognosis Valid 1200 UTC 25-Mar-03 





Fig.4.12 Prefrontal dust storm of 25 March 2003. The barbed line marks the cold front 
strengthened by a polar jet stream (PFJ) behind it and the subtropical jet stream (STJ) in 
front of it. Widespread rain followed this front in northern Arabia. (Source: UCAR.) 
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Rub‘ al Khali, where there are giant stable megabarchans, with annual average 
wind speeds below 2.5 m/s. Another area with low annual average wind speeds 
below 2.5 m/s lies between Ha’il and Al Qasim in northern Saudi Arabia 
(Fig. 4.13). 

The area of highest wind energy on an annual mean basis of over 4.0 m/s 
extends south-east from the eastern Jordan border along the hinterland of the 
coastal plain of Kuwait and north-eastern Saudi Arabia to Qatar. The map also 
shows indirectly how sand in Al Jafurah Desert moves southward from high 
energy areas west of Qatif and near Dhahran towards low energy areas in the 
northern Rub‘ al Khali around Jabrin. Fryberger et al. (1984, Figure 1) present a 
useful map of the drift potential in vector units for the Arabian Peninsula. It 
shows the same broad clockwise movement of sand around the Arabian 
Peninsula, but needs revision from additional data now available. A similar map 
by Holm (1961) shows the directions of aeolian sand movement in most of 
Arabia (Fig. 4.14). 


























Fig. 4.13 Map of Annual Mean Wind Speed for Saudi Arabia, showing low wind speed 
areas in the north-central Rub‘ al Khali and around Ha’il and high wind speeds in the 
coastal plain of north-eastern Saudi Arabia and Kuwait. (from ‘Saudi Arabian Wind 
Energy Atlas’, Al-Ansari et al., 1986) 
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Fig. 4.14 Directions of aeolian sand movement in the Arabian Peninsula. (After Holm 
1961 Fig. 8. courtesy of the Saudi Arabian Oil Company) 


This figure from Holm’s unpublished report (1961) appears unacknowledged 
in Fairbridge (1968, p. 976). 


4.2 PALAEOWINDS OF THE QUATERNARY IN ARABIA 


There is growing evidence of the position, direction and strength of winds during 
the various cold intervals, corresponding to glacial maxima, and the intervening 
semi-arid wetter phases. Preusser et al., (2002) have shown that winds in eastern 
Arabia during glacial times had a comparable circulation to the present, back to 
some 160,000 years BP. They provide evidence for stronger winds during intervals 
of high latitude glaciation, such as the presence of considerable dust in cores of 
Wahiba Sands, especially between 106 and 112 ka BP. It is improbable that dust 
was transported in the NW-SE oriented jet stream (Preusser et al., 2002). Recent 
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detailed studies of dust transport in Arabia (UCAR, 2003) show that dust rarely 
rises above 4,900 m, but the increased strength of winds during glacial times is 
attested by the enormous amounts of sand transported into the Rub‘ al Khali 
Basin by deflation of sediments in the dried Persian Gulf. As originally suggested 
by Holm (1961, 1962), there have been successive cycles of various types of 
dunes, whose different orientations indicate changed wind conditions. A series of 
linear dunes in the eastern Emirates trend from ENE-WSW and have been inter- 
preted by Glennie and Singhvi (2002) as indication of palaeowinds of ‘some ear- 
lier Glacial maxima,’ although wind roses for Dubai and Sharjah both show that 
predominant winds have the same orientation as these dunes. A study of drift 
potential by Fryberger et al., (1984) shows the present-day sand drift direction to 
be generally towards the east in the eastern UAE in agreement with dune trends 
there, and Holm’s 1961 map of aeolian sand movement (Fig. 4.14) also indicates 
modern sand transport to the east and north-east in the Emirates, east of Abu 
Dhabi and west of the Oman Mountains (Al Hajar). Glennie (1994) observed bed- 
ding on the flanks of megadunes (‘uruq) on the coast NE of Abu Dhabi, which he 
says indicates palaeowinds from the NW, as these dunes now trend towards the 
ENE. He also proposes a palaeowind from the NNW from bedding directions in cal- 
careous dunes in a belt 20-30 km from the northern Emirates coastline. Dunes 
bedding directions are usually variable. A comparison of these large linear 
dunes with present-day wind directions shows that these mainly Late 
Pleistocene dunes (Fig. 4.15) have a slightly different trend (Figs. 4.9 and 4.10). 
Both Kirkham (1998) and Edgell (2000) have also shown the role played by 
these old, partly calcified dunes in forming coastal peninsulas of the UAE. 

A study of foreset beds in palaeodunes of the Middle Pleistocene Ghayathi 
Formation in the western Emirates has shown that winds of that time blew 
slightly more towards the south-east (average 147°) compared to the 170° for 
the present day (Hadley et al., 1998), although the dominant winds at Abu Dhabi 
blows towards 150°. In the north-eastern Rub‘ al Khali (Al Liwa’ area), Lancaster 
et al., (2003) have connected the widespread occurrence of calcareous-cemented 
aeolianites, with a depletion of sediment supply from the Persian Gulf and a 
westerly wind regime, during their formation between 29 and 31 ka BP. Studies 
of petrography and sand provenance for the UAE show that the largely calcare- 
ous dunes of the Emirates were indeed derived from Zagros sediments blown from 
deposits in a dried Persian Gulf (Garzanti et al., 2003). During the Quaternary 
glacial maxima, large ice caps over northern and central Europe with their high- 
pressure cell forced other air pressure belts southward leading to an increase in 
strength of Trade Winds across Arabia. This would have greatly facilitated defla- 
tion of sediment from the dry Persian Gulf and the rapid transport of huge quan- 
tities of sand to be deposited as the very large dune systems now seen in the 
Arabian sand seas. Garzanti et al., (2003) have attributed the polycyclic quartz- 
feldspar sands of much of the Rub‘ al Khali to erosion of cover rocks in the west- 
ern Arabian highlands. It would seem difficult to distinguish these polycyclic 
quartz sands from those eroded from the closer quartzose sandstones of the Agha 
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Fig.4.15 Landsat 7 near infrared image of the eastern United Arab Emirates and north- 
ern Oman showing the east to north-east trending, large linear dunes, or ‘uruq said to be 
anomalous to present-day winds and their influence on coastal promontories (ru’us) and 
inlets (akhwar). Image width is 230 km. (Part of U. S. Geological Survey “Landsat Image 
Mosaic of the Arabian Peninsula” Map USGS-OF-02-11.) 


Jari and Hofuf Formations and, indeed, movement of dunes of quartz sand across 
the Qatar Peninsula proves that they originated from the NNW in the once dried 
Persian Gulf (Shinn, 1973). During the various wetter phases of the Quaternary 
in Arabia, the South-West Monsoon, passed over the southern Rub‘ al Khali and 
travertine is found in the south-western part of this desert (McClure; personal 
communication, 1990) indicating the moister conditions that prevailed, in addi- 
tion to the many small lakes between dunes. Optically Stimulated Luminescence 
(OSL) dates for outwash fans on the edge of the Arabian Shield in central Saudi 
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Arabia at Al Harmaliyah (Al-Juaidi et al., 2003b) also indicate wet phases attrib- 
uted to a northward shift of the South-West Monsoon. The presence of the 
South-West Monsoon farther inland has no great relevance to sand dune distri- 
bution as the dunes were more or less fixed in wetter intervals. The great periods 
of sand accumulation and transportation took place in times of high latitude 
glaciation and sea level lowering. In the Great Nafud of northern Saudi Arabia, 
the principal, large, linear, stable, sand dunes were established during the 
Pleistocene intervals of high latitude glaciation. Most of the dune sand seems to 
have been derived from erosion of Palaeozoic sandstones of the Tabuk Group, 
which lie to the west of An Nafud. Later active Holocene dunes are mostly com- 
posed of quartz grains blown out of the northern Red Sea by south-westerly 
winds of the Khamsin. There is evidence of palaeofloods in the Negev Desert 
between 34.3 and 27.1 ka BP and also between 30 and 20 ka BP, but these flood 
pedogenic layers are considered to be due to slightly higher rainfall intensities, 
although still within the arid regime (Greenbaum, 2003). Studies of the internal 
structures of aeolianites in the Mediterranean coast of Israel show good agree- 
ment with the present, prevailing westerly and south-westerly winds (Yaalon and 
Laronne, 1971). Stronger south—westerly winds have led to thick loess-type silt 
deposits in the Sinai Peninsula at Wadi Feiran dated as MIS 2 and proved to be 
derived from Miocene Globigerina Marls exposed on shelf edges of a lowered Red 
Sea (Régner et al., 2004). Very low levels in the Dead Sea, 3,200-4,300 years ago, 
are thought to be due to the increased frequency of eastern Mediterranean cyclones 
migrating at lower latitudes farther to the east (Enzel et al., 2003). The fall of the 
Akkadian Empire in central Mesopotamia, as shown by studies at their northern 
stronghold of Tall (Tell) Leilan in northern Syria (Weiss, 1997), took place because 
of a drought some 4,170 years ago probably due to a southward shift of eastern 
Mediterranean cyclones. The regional nature of this Mid Holocene drought is 
shown by dust deposits dated to 4,025 + 125 years BP and extending for 300 years 
as shown in cores from the Gulf of Oman (Cullen and deMenocal, 2000). 


4.3 INTER-TROPICAL CONVERGENCE ZONE 


The ITCZ is an area of low pressure formed where the North-East Trade Winds and 
South-West Trade Winds converge (Fig. 1.1) near the equator and is the boiler room 
of the Hadley Cell. Moist air is forced up as these winds converge, causing precipita- 
tion. The ITCZ moves seasonally in the Indian Ocean from a mean position of 10° S 
in January-February to 30-35° N in July. This seasonal swing of the ITCZ is the 
cause of the South-West Monsoon. It lies over the south-eastern coast of Arabia from 
June to September when winds can increase to 40—50 km/h. The long sea track 
associated with the South-West Monsoon, or Kharif, brings moist air and 
drizzly rain over parts of southern Arabia, especially the coastal ranges of Dhofar 
(Figs. 4.11a and 4.11b). There is considerable debate over the position of the ITCZ 
during wetter phases within the Quaternary. Some state that the zone has shifted 
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far to the north bringing rainfall to central and northern Arabia (Parker et al., 
2003a), and even suggesting that the Rub‘ al Khali dunes may have been blown 
north-eastward as expressed by Stokes at the Dubai Desertification Conference 
(2000). Some northward migration of the ITCZ has been demonstrated between 
10.3 and 9.8 ka BP, with relatively high monsoon precipitation from 9.8 to 5.5 ka 
BP followed by a slow southward migration from 8 ka BP based on variations in the 
5'8 O values from speleothems (Fleitmann et al., 2003a). It can also be assumed 
that northward movement of the ITCZ occurred in Pleistocene wetter intervals, 
such as between 29.6 and 21.09 ka BP when small lakes existed between dunes of 
the south-western Rub‘ al Khali (McClure 1984; Sanlaville 1992), based on radio- 
carbon dating of old lake beds. Studies of speleothems in Saudi Arabia suggest that 
the ITCZ did not move any farther north than 23° or 24°N (Fleitmann et al., 
2004b) as its influence is absent from speleothems in the Star Cave in northern 
Saudi Arabia. Preusser et al. (2002) have shown that atmospheric circulation in 
glacial times was similar to present-day circulation, while agreeing that the ITCZ 
was positioned slightly farther northward during wetter phases corresponding to 
marine isotope stages, MIS 5a, 5e, 7 and 9, or 76-86 ka BP, 120-126 ka BP, 
190-240 ka BP and 310-340 ka BP. The ITCZ does not appear to have affected 
wetter phases in the Sinai Desert and in the northern part of Arabia as shown by 
Tsoar (1974) and Isaar and Bruins (1983). A Mediterranean moisture source for 
the Early Holocene wetter phase in the northern Red Sea area is also indicated by 
Arz et al. (2003). The ITCZ lies east of Africa during the calmer winter winds of the 
milder North-East Monsoon. 


4.4 REMARKS ON THE ROLE OF WIND IN 
ARABIAN DESERTS 


The significant roles played by wind in the deserts of Arabia are in abrasion, ero- 
sion, deflation, transportation and deposition, as well as desiccation. Abrasion by 
wind of a 2,000-year old Nabataean tomb at Mada’in Salih has removed as much 
as a metre in lower parts of the sandstone face. (Fig. 4.16). 

Wind erosion has left yardangs and zeugen, or pedestal-shaped rocks in some 
outcrops within the Nafud Desert and in southern Jordan (Fig. 3.8). A promi- 
nent pattern of ‘yardang troughs’ occurs in the Arabian Shield north of 24°N 
and follows the WSW direction of prevailing winds as seen in the Jabal Shammar 
region (Brown et al., 1989). Winds in this area have excavated narrow valleys 
along the joint trend N 70°E following prevailing winds. Even in the Dhahran 
area exposed outcrops of the Rus Formation show strongly striated surfaces in a 
NNW-SSE direction due to the sandblast effect of the frequent Shamal winds 
(Fig. 4.17). 

In addition, ventifacts, such as the dreikanter or faceted gravel stones are found 
in stony deserts of Arabia. Deflation causes loose rock particles to blow away and is 
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Fig. 4.16 Mada’in Salih in the western Tabuk Basin, northern Saudi Arabia showing 
wind abrasion of over 1 m during the last two millennia at the base of a rock-cut tomb on 
lower left. (Photo credit Saudi Resources.) 


most important in winnowing out and removing finer particles, thus leaving only 
larger gravel size material behind. This is seen in stony plains or hamadah, such as 
the deflation plain of stony sharp-edged chert in eastern Jordan 30 km south of 
Qasr Kharana (Bender, 1968) and the Shamiyah Plateau of eastern Syria. A strik- 
ing case of deflation is seen in the eastern course of Wadi as Sahba’ where 
cemented gravels of the old Late Pleistocene river valley are now left standing 30 to 
60 m above the surface, since the sediments that once lay on the wadi banks have 
been removed by the wind. Brown (1960) also notes that the detailed topography 
of the Dhahran area shows some hills have been sculptured out by the winds until 
many are aligned in the same NNW-SSE direction as the prevailing winds. 

Wind transport of finer particles is responsible for the immense dust storms 
that cover large areas of Arabia periodically, especially during the spring and 
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(b) 


Fig. 4.17 Striation and grooving on the Lower Eocene Rus Formation due to wind 
erosion as seen on the campus of King Fahd University of Petroleum and Minerals, 
Dhahran, north-eastern Saudi Arabia. (Photo by H. S. Edgell.) 
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summer. They are particularly frequent in Iraq, Jordan and north-eastern Arabia 
where the big ‘brown rollers’ commonly reach heights of 2,000 m and less fre- 
quently 3,000 m. A recent study by NOAA (2002) has shown that eastern Syria, 
northern Jordan and western Iraq are the source for much of the fine dust-sized 
particles less than 0.05 mm diameter in Arabian dust storms. This dust is trans- 
ported far into southern Arabia where it may have contributed to loess deposits 
on parts of the Arabian Shield and even in the Asir Plateau. Sandstorms con- 
taining particles from 0.15 to 0.30 mm are also frequent throughout Arabia, but 
rarely reach higher than 15 m. Most sand grains move by saltation and some by 
surface creep, and rarely in suspension by storm winds, haboobs, or dust devils. 


Chapter 5 





Ecology of Arabian deserts 


An outline of the plant ecology of the Arabian deserts is necessary to understand the 
role played by plants in the entrapment of sand to build certain dunes and sand 
mounds, such as parabolic dunes and dikakah, and in stabilization of dunes and inter- 
dunes. In such arid environments it is remarkable that plants survive, and it is often 
surprising to see plants spring up and flourish briefly after prolonged intervals, even 
years, without rainfall in the desert. Since ecology is the scientific study of living 
organisms, their interrelationship and their relation to the environment, animal com- 
munities also have a significant role, such as camels and goats introduced by man, as 
well as the ecological effects of human occupation on fragile desert environments. 


5.1 ECOLOGICAL REGIONS OF ARABIA 


Arabia can be divided into regions of distinctive ecology (Hearn et al., 2003; World 
Wildlife, 2001). These ecological regions are shown on the map (Fig. 5.1). 

These ecological regions are briefly described below with emphasis on their 
vegetation, which has a major effect on the deserts of Arabia. 


5.1.1 Arabian desert and East Sahero-Arabian deserts and xeric 
shrublands 


This very large region includes most of Arabia, the Sinai Peninsula and all sand 
seas, stretching from the Persian Gulf coast to the Yemen border and from Jordan 
and Iraq to eastern Oman. It is a desert ecoregion with little biodiversity, although 
quite a few endemic plants grow in this region (Mandaville, 1986, 1990; Watts 
and Al-Nafie, 2003). In the Rub‘ al Khali, diffuse shrub communities are dominated 
by Calligonum crinitum mainly on dunes, the saltbush Cornulacea arabica locally 
associated with Haloxylon persicum, tussocks of the sedge Cyperus conglomeratus, 
(Fig.5.2), Dipterygium glaucum, Limeum arabicum, Tribulus arabicus, and Zygophyllum 
mandavillei (Mandaville, 1986). Farther north, in the Emirates, Calligonum comosum 
is a woody perennial found on sand dune slopes, and some annuals grow after 
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Fig. 5.1 Ecological regions of Arabia (Developed from the World Wildlife Fund for 
Nature divisions). 


rain, such as the common Centropodia forskalii (Vahl). Trees are not found in the 
Rub‘ al Khali, except on its northern edge, where Acacia ehrenbergiana and 
Prosopsis cineraria are found in wadis and interdune pans, as well as rarely along 
the southern edge of the Rub‘ al Khali as at Mugshin. In the central An Nafud, 
Haloxylon persicum is found commonly, and also in the northern Nafud as Sirr, but 
Calligonum comosum is more common in the northern and central dunes (Watts 
and Al-Nafie, 2003). The Ramlat Al Wahibah is included in this ecoregion and has 
extensive stretches of Prosopsis cineraria woodland on its south-eastern margin 
and variable cover of Prosopsis on its northern-eastern border (Goudie et al., 
1987). On the deserts of north and central Jordan, Artemisia sp., Zygophyllum dumo- 
sum, Chenolea arabica, Suaeda vermiculata, Traganum nudatum and Anabasis articulata 
are found sparsely on limestone, chert, and basalt terrain. In the sandstone desert 
country of southern Jordan, one finds Haloxylon persicum, Traganum nudatum, Zilla 
spinosa, Ferula sp. and some Acacia tortilis (Zohary, 1962). The Sinai Peninsula has 
a sparse vegetation cover consisting of semi-shrubs, mainly found along wadis, 
slopes of rocky hills and in sand fields. Acacia tortilis raddiana (Savi) is also found in 
large wadis in the Sinai (Danin, 1986a). Native fauna of this region include the 
Arabian white oryx (Oryx leucoryx) and the sand gazelle (Gazella subguterosa), as 
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Fig. 5.2 Tussocks of the sedge Cyperus conglomeratus Rottb. s.l., and the vascular flowering 
plant Tribulus arabicus Hosni on sand dunes near Ash Shaybah. (Identifications by J. P. 
Mandaville and H.S. Edgell, photo from M. Rasheeduddin.) 


well as the mountain gazelle (G. gazelle) now reintroduced in the protected area of 
‘Uruq Bani Ma’arid. The ibex (Capra ibex nubiana) has survived, while the striped 
hyena, red fox, sand cat and caracal are other characteristic mammals. 


5.1.2. Red Sea Nubo-Sindian tropical desert and semi-desert 


This ecoregion of flat and plateau desert covering 651,300 km, is mainly najd 
and extends from the Gulf of Aqaba along the northern Red Sea and then along 
the western borders of the Hejaz and Asir. It also continues through the 
Hadramawt, interior Dhofar and the interior Jiddat al Harasis of eastern Oman. 
The vegetation is of the pseudo-savannah type with scattered trees, mostly 
species of Acacia along or near wadis and shrubs and herbs in between. Acacia 
tortilis, A. tortilis raddiana, A. gerrardii, plus Acacia ehrenbergiana, and Prosopsis 
cineraria in central Oman, are common trees. Other common plants are Balanites 
aegyptiaca, Capparis decidua, C. cartilaginea, Cordia gharaf, Calotropis procera, 
Ephedra foliata, Lavandula nubica, Moringa peregrina and Ziziyphus spina-christi. 
Interior Dhofar and the eastern Mahra are also the habitat of the low tree 
Boswellia sacra, which is the source of frankincense (Fig. 5.3). 
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Fig. 5.3 A typical Boswellia sacra in interior Oman, near Hanun. The Bedouin cut the 
bark for the sap to ooze out, congealing as frankincense. (Photo and identification by H. S. 
Edgell.) 


In the high Jabal al Lawz, the almond Prunus dulcis is found wild. Fauna char- 
acteristic of this ecoregion include the Arabian white oryx, sand gazelle, sand cat 
and Ruppell’s fox, as well as the monitor and spiny-tailed lizard. 


5.1.3 South-western Arabian foothills savannah 


This ecoregion of xeric shrublands occurs along the inner side of the Asir and 
Hejaz, and more widely in the Hadramawt and Mahra. It includes flat plateaux 
and plains, with many wadis incised in plateau areas. The typical low scrub veg- 
etation is dominated by Acacia trees, with grasses and herbaceous plants growing 
in the cooler season. Juniper shrubs together with some lichens and ferns grow in 
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higher, wetter areas. The fauna is diverse including the rock hyrax, hyenas, badg- 
ers, Mountain gazelles, ibex, caracals, Arabian wolves, Indian crested porcupines, 
and cape hares. In this desert ecoregion temperatures may average 30°C with 
rainfall from 120 to 27 mm/year. 


5.1.4 Arabian Peninsula fog desert 


This ecoregion along the eastern coasts of Yemen and Oman is strongly influenced 
by the South-West Monsoon between June and September, which produces dense 
fog and drizzly rain in areas like coastal Dhofar and its adjacent ranges. Fog pre- 
cipitation is quite high, while rainfall in Dhofar is about 100 mm on the coastal 
plain and 200-500 mm on Jabal Qara. On the southeastern Jiddat al Harasis 
(Fig. 14.3), where average annual rainfall is lower at ~50 mm, vegetation includes 
Acacia tortilis, A. ehrenbergiana and Prosopsis cineraria. There is dense deciduous 
woodland on the southern slopes of Jabal Qara in Dhofar dominated by the 
endemic tree Anogeissus dhofarica, (Fig. 5.4) associated with Cadia purpurea, Euclea 
schimperi, and occasional Ficus vasta (Radcliffe-Smith, 1980). This is the densest 
woodland anywhere in Arabia and the flora of coastal Dhofar and the ranges is so 
diverse that it was described as “a real paradise in the wilderness” (Bent and Bent, 
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Fig.5.4 The thickly wooded south-facing eastern Jabal Qara near Darbat dominated by 
the tree Anogeissus dhofarica Scott, part of the so-called ‘fog desert’. (Photo and identification 
by H. S. Edgell.) 
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1900). At higher altitudes, there are semi-deciduous thickets of Olea europea, 
Dodonaea viscosa, Carissa edulis and Rhus somalensis. On the plateau areas, grass- 
land dominates with scattered trees of Ficus vasta and E sycomorus. The Jabal 
Areys volcanic massif, on the southern coast of Yemen, is also clouded by fog in 
summer and has shrubland dominated by Euphorbia balsamifera on its slope fac- 
ing the sea (Llewellyn-Smith, 2001). The fauna is very varied with the Arabian 
gazelle, the Nubian ibex, both Ruppell’s fox and the red fox, caracal, honey badger 
and Arabian fox, as well as the Arabian leopard now in rare numbers. The 
Arabian white oryx has been reintroduced in the Jiddat al Harasis (Fig. 14.4). 


5.1.5 Socotra Island xeric shrublands 


The South-West Monsoon also affects Socotra (Soqutra) Island and nearby 
islands of Abd al Kuri, Darsa and Samhah, but except for the 1,503 m high Jabal 
Haggier most plains and low plateaux receive only 150 mm of rain. These areas 
are mostly open deciduous shrubland with Croton socotranus dominant and 
scattered Euphorbia arbuscula, Dendrosicyos socotranus and Ziziphus spina-christi. 
Curiously Dendrosicyos is the only member of the cucumber family to grow in tree 
form (Evans, 2001). The vegetation is partly endemic containing many links to 
Africa. Small sand dunes occur in parts of the southern plain. 


5.1.6 Red Sea coastal desert 


Extending along the Arabian Red Sea desert coastline from the Gulf of Suez, this 
ecoregion is characterized by its aridity, high temperatures and high salinity. 
Many widyan transect this coastal strip, and mangroves occur where some 
widyan flow into the Red Sea. There are scattered palm trees on the coastal plain, 
including many common date palms (Phoenix dactylifera) growing wild (Fig. 5.5). 
The Nubian dragon tree Dracaena ombet is found at higher altitudes and several 
species of Euphorbia are found at middle elevations. Amongst the fauna, there are 
groups of dorcas gazelle, rare Nubian ibex in the mountain hinterland, as well as 
many white-eyed gulls and other seabirds along the shoreline. 


5.1.7 South-western Arabian montane woodlands 


The southern Asir and most of the western highlands of Yemen form an area of 
good rainfall with cloud forest of lichen-festooned junipers, a great variety of 
plants estimated at over 2,000 species, and a large number of animal species 
including troops of baboons, the caracal, Arabian wolf and rock hyrax. It is not a 
desert ecoregion and is, therefore, mentioned very briefly. 


5.1.8 Al Hajar montane woodlands 


The arc of the Oman Mountains, or Al Hajar, is largely composed of dark ophio- 
lites, which do not encourage vegetation, with areas of carbonate rocks to the 
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Fig. 5.5 The date palm Phoenix dactylifera growing wild in the western Sinai Peninsula, 
part of the Red Sea Coastal Desert. The adjacent outcrops are Nubian Sandstone. 


north, where soils are richer and the vegetation more varied. In wadis of lower 
parts of the mountains, there occur Ziziphus spina-christi, Acacia tortilis, Prosopsis 
cineraria and fig species, mostly Ficus salicifolia. Between 1,000 and 1,500 m, a 
woodland vegetation of Euphorbia larica, Acacia tortilis, A. gerrardii and Periploca 
aphylla is found. In the highest parts, above 2,000 m, junipers form open wood- 
land (Ghazanfar, 1999). Protected gazelle and a wild goat, the Arabian tahr, are 
elements of the fauna. The paucity of vegetation over the extensive ophiolite ter- 
rain, combined with a rainfall below 200 mm a year in all except the high parts 
of Al Hajar, render most of this ecoregion mountain desert with woodland in 
restricted higher areas. 


5.1.9 Gulf of Oman desert and semi-desert 


Included in this ecoregion is the north-eastern border of the Arabian Peninsula of 
the Batain coast from Barr al Hikman to Ra’s al Hadd and Muscat. It also extends 
along the Batinah coast and the Musandam Peninsula to the north-eastern coastal 
plain of the UAE. This diverse ecoregion also includes the pediments and fans or 
bajada of interior Oman south of Al Hajar. It surrounds the quite different envi- 
ronments of Al Hajar montane woodlands and of the Ramlat Al Wahibah sand sea. 
Most of the region is desert outwash plain, except for the rugged, dissected, 
Permian, Jurassic and Cretaceous limestone terrain of the Ru’us al Jibal and 
Musandam Peninsula. Amongst the vegetation, trees of Acacia tortilis and 
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Ziziphus spina-christi are common. In the Ru’us al Jibal, the willow leaf fig Ficus 
salicifolia occurs along stony wadi floors, while slopes supporting the thistle 
Echinops spinosissimus and the cactus-like Caralluma sp., are common, while the 
succulent tree Moringa peregrina clings to rock faces. On the higher plateau of the 
Ru’us al Jibal, Dodonaea viscosa lines wadis, and the shrub-like tree Prunus arabica 
is found together with common Ficus carica (Western, 1985). Along the Batinah 
coast, Acacia tortilis occurs commonly with Prosopsis cineraria in sandy areas. One 
type of mangrove, Avicennia marina, grows along parts of the north-eastern coast 
of the UAE, with land flora similar to the Batinah. Bird species are numerous, but 
native animals, like the Arabian leopard and Arabian tahr, are very rare. The four 
species of turtles found at Ra’s al Hadd, and the largest nesting population of log- 
gerhead turtles on Masirah Island are exceptions. 


5.1.10 Persian Gulf-Nubo-Sindian tropical desert and semi-desert 


This ecoregion lies along the north-eastern coast of Saudi Arabia, including 
coastal Kuwait, Bahrain, the western coastline of Qatar, and parts of the western 
coast of the UAE. It consists of low desert plains, which are deserts and xeric 
shrublands. In intertidal areas, there is often an outer mangrove zone with 
Avicennia marina, a halophyte zone with Arthrocnemon macrostacbyum and 
Halocnemon strobliaceum, followed by a supratidal marsh grass zone dominated 
by the reed Phragmites communis (Basson et al., 1981). Hummocky sand areas 
known as dikakah, or nabkha’ (nabkhah), and retained by low shrubs or grass 
tussocks are common in this ecoregion (Fig. 5.6). 

Commonly occurring shrubs include Haloxylon salicornum, Rhanterium epappo- 
sum and Calligonum comosum, while the most widespread grasses are what 
Bedouin call thumam or Panicum turgidum and Stipa capensis. The sedge Cyperus 
conglomeratus is also common. In Al Hasa oases and along their Aftan River, or 
‘Hofuf River’ outflow, reeds occur like Phragmites (Fig. 5.7), as well as Tamarix spp. 
and the introduced Prosopsis juliflora (Bundy et al., 1989). 

On saline gravel plains in Qatar, Acacia ehrenbergiana, Prosopsis cineraria and 
P. juliflora occur, while on sabkhah edges Salsola baysoma, Halocnemum strobi- 
laceum and Anabasis setifera are found (Böer and Al-Hajri, 2003). The sparse 
fauna include the red fox, Cape hare and Ethiopian hedgehog. 


5.1.11 Tigris-—Euphrates—Karun alluvial salt marsh 


This arid, delta area is mostly saline sediment, but includes areas of marsh 
and some salty lakes. Most of this ecoregion is now salt encrusted barren 
desert. In the Hawr al Hawizeh marshland, the common reed Phragmites grows 
1.5-3.6 m tall, and the bulrush is also common, as well as Cyperus sedge. Date 
palms and tamarisk trees are indigenous, while forests of cedar and poplar 
occur on the banks of waterways and on some islands. The fauna includes wild 
boar, otter, jackal, red fox, striped hyena, Indian mongoose and the goitered 
gazelle. 
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Fig. 5.6 Dikakah terrain near Abu Hadriyah, Eastern Province, Saudi Arabia with sand 
anchored by grass clumps of Panicum turgidum Forsk. (Botanical identification by 
J. P. Mandaville.) 





Fig.5.7 Phragmites growing along the Aftan, or Hofuf River outflow from Al Hasa oases 
to the Gulf of Bahrain. (Photo from the “Water Atlas of Saudi Arabia.”) 
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5.1.12 Mesopotamian shrub desert 


This ecoregion encompasses most of the Syrian Desert (Badiyat ash Sham). It lies at 
elevations of between 600 m in the west, and 100 m in the east where it also 
includes the upper valleys of the Tigris and Euphrates. It is a transitional ecoregion 
between the steppes to the north and great deserts to the south. In the spring, it is 
decked with a carpet of flowers, including grasses, anemones, asphodels and umbel- 
lifers, which wither away in the burning heat of summer. Towards the eastern edge 
of this region, in the foothills of the Zagros Ranges, umbrella-thorn Acacia trees, 
woody, dwarf shrubs and a shrubby species of rock-rose grow in rocky, gravelly 
areas. Aspen and tamarisk trees are found along the river channels, while reeds and 
rushes occur in the rare wetlands. At Sabkhat Muh, just south of Palmyra, Tamarix 
bushes grow around the lake margins, and the surrounding desert is sparsely veg- 
etated with tussock-grass, Chenopodiaceae and Artemisia sp. Fauna includes Asiatic 
jackals, striped hyenas, goitered gazelle, wolves, wild boar and the Euphrates jerboa. 


5.1.13 Middle East steppe 


Vegetation, similar to that of the Iran-Turanian ecoregion consists of herbaceous 
and dwarf shrub sage brushland with Artemesia sieberi on non-saline soils, asso- 
ciated with grasses, such as Poa bulbosa. On stony soil, Hammada scoparia is found 
(Buff, 2001). Thickets of Populus euphratica, Tamarix and Typha are found along 
rivers, while Phragmites reed beds are found in rare wetland areas. 


5.2 DESERT PLANT COMMUNITIES 


This brief summary of major desert plant communities deals mainly with desert 
sand dune areas. Watts and Al-Nafie (2003) list the following: 


5.2.1 Calligonum comosum community 


This is the dominant plant community of sand dunes of northern and central Saudi 
Arabia, such as An Nafud, northern Ad Dahna, and Nafud ath Thuwayrat. It is 
found associated with Artemisia monosperma and Scrophularia hypericifolia on the 
upper surfaces of deep dune sands. Calligonum comosum has quite long roots, and 
grows to 1.65 m, rarely up to 3.90 m (Fig. 5.8), and is called ‘abal’ by the Bedouin. 


5.2.2 Haloxylon persicum community 


Known to the Arabs as ‘ghadha’ and a major source of firewood in the desert, 
Haloxylon persicum is a large shrub or, semi-tree 2.7—4.0 m tall. It grows in the 
central An Nafud, north-eastern Nafud as Sirr, and in dunes west and south of 
‘Unayzah, as well as in the eastern sands south of 26° 30’ N and on the north- 
western and western margins of the Rub‘ al Khali (Mandaville, 1990). Preferring 
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Fig. 5.8 A bush of Calligonum comosum in the Eastern Province of Saudi Arabia. (Photo 
credit N. Al-Homaid.) (Identification by H. S. Edgell confirmed by J. P. Mandaville.) 


alkaline soils, it grows in low hollows with Haloxylon salicornum, and Scrophularia 
hypericifolia, but in An Nafud it grows on less saline parts of dunes with Artemesia 
monosperma and Stipagrostis drarii (Watts and Al-Nafie, 2003). 


5.2.3 Artemesia monosperma community 


This community dominated by Artemesia monosperma is found in the northern Ad 
Dahna, parts of An Nafud, and commonly in Nafud ath Thuwayrat, Nafud as Sirr 
and Nafud Qunayfidah, but not in the Rub‘ al Khali. It also occurs in Sinai and 
Palestine and is an important sand-binding species with a deep and extensive root 
system. In northern and central Saudi Arabia it grows to a height of about 1 m, 
being dominant, from 77.5 to 82.5%, in parts of Nafud ath Thuwayrat (Watts 
and Al-Nafie, 2003), and is usually associated with Echinops sp., Scrophularia 
hypericifolia, Calligonum comosum, Ephdera alata, Stipagrostis drarii, Haloxylon per- 
sicum and H. salicornicum. 


5.2.4 Scrophularia hypericifolia community 


Although, relatively a component of sand seas, this low shrub community can be 
dominant in places on deep sands in Ad Dahna north of 26° N. Other members of 
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this community are Artemisia monosperma and Echinops spp., with Rhanterium 
epapposum and Ephedra alata found on the edges of this community in shallow sand. 


5.2.5 Stipagrostis drarii community 


Found on sand sea areas over the entire Arabian Peninsula, Stipagrostis drarii 
prefers the lee slopes of large dunes and has sand-binding roots, as well as flexible 
stems adjustable to sand movement and abrasion. This psammophytic species 
forms stands up to 1.6 m tall, especially on steep slopes of sand mountains of 
Nafud ath Thuwayrat, Ad Dahna and An Nafud. Common associated species 
include Calligonum comosum, Scrophularia hypericifolia, Artemisia monosperma, 
Stipagrostis plumosa and Cyperus conglomeratus. 


5.2.6 Cornulacea arabica community 


This prickly shrublet dominates plant communities in the northern and central 
Rub‘ al Khali from Al Kidan to Al ‘Ubaylah and as far south as 19° N. It grows 
closely spaced on the megabarchans of Al Kidan and can be seen in the ‘Uruq al 
Mu’ taridah growing in lines 1-2 m above the sabkhah. Some other species in the 
community are Cyperus conglomeratus, Limeum arabicum and Dipterygium glaucum 
(Mandaville, 1986, 1990). 


5.2.7 Calligonum crinitum and Dipterygium glaucum community 


Calligonum crinitum occurs widely in the Rub‘ al Khali and is a woody shrub up to 
2.5 m tall, preferring higher, well-drained sands. The subspecies Calligonum 
crinitum arabicum is endemic to the Rub‘ al Khali. It occurs widely throughout the 
southern and north-eastern parts of this desert, generally with Dipterygium 
glaucum and the ubiquitous Cyperus conglomeratus. Locally, Dipterygium glaucum 
may dominate, as in the ‘Uruq al Awarik in the central south-western Rub‘ al 
Khali (Mandaville, 1986). 


Plant communities found in non-dune or shallow sand environments are: 


5.2.8 Haloxylon salicornicum community 


This community is common in the plains of north-eastern Arabia from Iraq to the 
northern Rub‘ Al Khali, prefers interdune locations and can also occur on hard 
gravel. It is sometimes associated with Haloxylon persicum. 


5.2.9 Rhanterium epapposum community 


Generally widespread over the plains of north-eastern Arabia, this community 
also occurs to the north-east of An Nafud in Al Labbah plateau and was observed 
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in pure strands near Qaryat al ‘Ulya south of the War’iah ridge (Mandaville, 
1990). It is also dominant near Umm Qasr in southeastern Iraq (Guest, 1966). 


5.2.10 Seidlitzia rosmarinus community 


Dominant on coastal and inland sabkhah areas, this community also likes inter- 
nal, undrained depressions and is called ‘shin’ by the Bedouin. On sandy edges 
around sabkhah, it is frequently accompanied by Haloxylon salicornicum. 


5.3 THE INFLUENCE OF HUMAN OCCUPATION 
ON ARABIAN DESERTS 


The advent of man to the fragile desert environments of Arabia has had many 
adverse consequences. Among these are overgrazing, woodcutting, cultivation, 
construction, vehicular use, and recreation. 


5.3.1 Effects of overgrazing 


The introduction of herds of goats and camels, and flocks of sheep, by man into 
desert areas of Arabia has caused considerable loss of natural vegetation and 
undoubtedly increased the aridity of the region. Herds of goats are particularly 
destructive of native vegetation. Because of their adaptability to dryland condi- 
tions goats are widely used by rural Arabs, and have been removing native veg- 
etation for thousands of years. Camels graze happily on thornbush and on 
almost any other vegetation in desert areas, especially the higher stems and 
branches. A great reduction in natural vegetation has occurred, especially in 
northern Arabia, where there is a greater rural population. Ever since the oil 
industry in Saudi Arabia established the Tapline with numerous pumping sta- 
tions and available water, Bedouin have changed from nomadic grazing to year- 
long grazing by increased livestock as new water supplies opened up areas that 
were previously less accessible seasonally. The result has been destruction of veg- 
etation in a 50 km wide strip some 250 km long south of Rafha and in Ad Dahna 
sands. Planned settlement of Bedouin in the Wadi as Sirhan area near bores has 
also caused extensive overgrazing there (Heady, 2003). It has been suggested 
that the rapid accretion of dunes in the north-eastern Emirates is the result of 
intensified human occupation coincident with expansion of the Abbasid Empire 
Goudie et al., (2000). The ever growing rural population of Arabia has certainly 
caused increased aridity. 

A biogenic crust develops even on desert sand dunes in moist northern areas, 
and Karnieli and Tsoar (1995) have shown how this cyanobacterial crust has 
been removed in the Sinai Desert of Egypt by the activities of man, primarily 
overgrazing, whereas in the Negev sands this dark biogenic crust is still present 
(Fig. 8.21). 
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5.3.2 Woodcutting 


The continual search for firewood by pastoral groups has also led to reduction in 
vegetation and is especially noticeable in najd areas where there is usually a low 
density of native plants. The preferred plants for wood users in desert sand seas are 
the shrubs Calligonum comosum and Haloxylon persicum. In addition, an increasing 
number of villages have cut down surrounding shrubs and small trees for cooking. 
In Arabia, mangroves (Avicennia marina) have been removed in great quantities 
along the Red Sea and Persian Gulf coasts. In the Hadramawt, where population 
density is quite high, little remains of the native vegetation after at least 7,000 years 
of human occupation although Prosopsis juliflora is still exploited around Sayun. 


5.3.3 Cultivation 


In the last 30 years there has been a very rapid expansion in cultivation in arid 
areas of Saudi Arabia and to a lesser extent in Oman. This has been caused by 
centre-pivot irrigation based on wells drilled into ‘fossil’ aquifers (Elhady, 2004), 
which will never be replenished. Wheat and other crops are now grown unnatu- 
rally in desert areas, often between the dunes, as seen in Nafud as Sirr and Nafud 
ath Thuwayrat. Groundwater depletion has been very rapid causing the death of 
palms and tamarisks. 


5.3.4 Construction 


Population growth and industrialization have led to a rapid expansion of urban 
centres, so that cities like Ar Riyadh now occupy large areas of desert, and new 
industrial sites are occupying an increasing area of desert, as well as the many 
roads and airfields leading to them. While it can be said that the waste from 
desalinated water pumped to Ar Riyadh has made the desert bloom in areas like 
Al Kharj, it has also led to a rapid rise in the saline water table. Settlements, such 
as Ash Sharawrah, which is a military base, on the southern edge of the Rub‘ al 
Khali Desert, now claim a population of 40,000. Oil exploitation has also led to 
construction of settlements, like Ash Shaybah (Fig. 5.9), which is situated in the 
heart of the Rub‘ al Khali Desert. Asphalted roads and numerous buildings, 
pipelines, and gas/oil separation plants (GOSPS) have impacted on the fragile 
desert ecosystem. These facilities are still on a small scale, when compared with 
the huge size of the Rub‘ al Khali, and its giant dunes as shown in Fig. 5.10. 


5.3.5 Vehicular use and recreation 


The extensive use of vehicles, mostly four-wheel drive, in desert areas has seen the 
destruction of fragile desert surfaces. Thin soils built up over thousands of years 
never recover from the passage of vehicles. This also applies to areas of sabkhah and 
khabra’ or claypan. The construction of paved roads in many areas helps to alleviate 
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Fig. 5.9 Oil development facilities of Ash Shaybah, mainly gas-oil separator plants 
(GOSPS) between the megabarchanoid dunes of the ‘Uruq ash Shaybah in the eastern 
Rub‘ al Khali. (Photo credit AramcoExpats www.aramcoexpats.com/101_716.jpg) 


the problem, but the natural balance in desert dune areas is never regained. In many 
Arab countries, it is customary to camp in the desert during cooler parts of the year 
as a form of recreation, but the desert is scarred by their sports utility vehicles. A 
ditch 2.5 m wide and 2 m deep was dug along the entire border between Kuwait and 
Saudi Arabia to prevent smuggling, but kept rapidly filling with wind-blown sand, 
was ineffective and recommended to be filled in (Edgell, 1988a). In Iraq, after two 
military campaigns using massive military vehicles, there is great destruction to the 
desert environment, quite apart from the deadly contamination by depleted ura- 
nium in ammunition. Lakes of oil deliberately released in Kuwait by the Iraqi Army 
in the 1991 Gulf War were up to 2.5 m deep and contaminated the environment, as 
well as the north-eastern shores of Saudi Arabia. The movement of armies and their 
vehicles during the first Gulf War in 1991 and the Iraq war in 2003-2005 has 
caused the fragile desert pavements laid down over thousands of years to be broken 
and destroyed over large areas of north-eastern Saudi Arabia, Kuwait and many 
areas of Iraq. This caused a dramatic increase in the number of violent sandstorms 
and dust storms, new dunes blocked roads in northern Kuwait (El-Baz, 1992), and 
pilots reported a doubling of dust storms following the Iraq—Iran war in the 1980s. 
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Fig. 5.10 A satellite view of oil development facilities at Ash Shaybah, in the eastern 
Rub‘ al Khali, among giant megabarchans showing their relatively small scale in relation 
to the huge dunefield in which they are situated. Facilities include gas/oil separation plants 
(left), airfield, numerous roads and housing and administration (right). It is a measure of 
the stability of these old megadunes that roads have been constructed across them, in front 
of slip faces, and even along their crests (middle right). Estimated elevation of the airfield 
is 75 m and the dune to the SW has an estimated elevation of 148 m. Part of a dune NW 
of the airfield has been cut back to make extra space. Image width is 11.7 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl) 


Another example is the bulldozing by Israeli forces of a 40-ft wall of sand called the 
Bar Lev line on the eastern side of the Suez Canal in 1974, which altered the con- 
figuration of dunes in part of the Sinai Peninsula (El-Baz, 1991). 


5.3.6 Desertification 


Desertification is the process by which susceptible areas lose their productive 
capacity, and land degradation occurs in arid, semi-arid, and dry sub-humid areas, 
mainly as a result of human activities and climatic variations. With increasing 
global warming, now understood to be anthropogenic, the climatic changes 
in the last 50 years has been entirely negative, especially for Arabia, where the 
arid environments, thin soils, and encroaching dunes were always a problem. 
“Dryland degradation affects a billion people and up to 70% of arid and semi-arid 
land world-wide” (FAO, 2002). In Arabia, the most widespread land degradation 
is vegetation degradation in rangelands caused by overgrazing and woodcutting. 
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There has also been land degradation by salinization of irrigated land in southern 
Iraq, and by unwise use of limited ‘fossil’ groundwater resources in the pivot irri- 
gation areas of Saudi Arabia (Elhady, 2004). Use of groundwater in the najd of 
interior Dhofar, southern Oman, has led to the establishment of many new set- 
tlements at Thumrayt, Shisur, Fasad, Dawkah and Mugshin, but their long term 
existence is in doubt due to rapidly falling groundwater levels. The artificial set- 
tlement of man in the fragile environments of Arabian deserts is unsustainable 
over a prolonged period. In addition, wind erosion and soil destruction has been 
greatly speeded up by increased vehicular use on fragile soils and desert pave- 
ments (Fig. 16.26). A study of desertification of arid lands (Drenge, 1986, 2002) 
has shown that almost all of Jordan, western Syria, and most of Iraq suffer from 
severe desertification, as also the Tihamah and adjacent highlands. The Arabian 
Shield, Hadramawt, Dhofar, Al Hajar, and most of northern Saudi Arabia are 
classed as areas of moderate desertification (see Fig. 5.11). 


Hyperarid Regions 


Desertification 
of Arid Lands 






Fig. 5.11 Areas of desertification in Arabia. Much of Arabia is hyper-arid, but severe 
desertification occurs in Jordan, Syria and much of Iraq. Moderate desertification occurs 
in the Arabian Shield and Oman Mountains, but is only slight in the inner Hadramawt and 
Jddat al Harasis of Oman. (Extract from a map of desertification in Asia by Drenge 1986.) 
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Watercourses and rivers 
of Arabia 


Non-perennial watercourses or widyan (sing. wadi) form an integral part of the 
landscapes of the deserts of Arabia. They may be relict drainages of earlier wetter 
phases of the Quaternary, but most still carry water in the subsurface and in rare 
downpours. After years, many widyan become reactivated. In some areas, such 
as the Red Sea escarpment, steep widyan draining the Asir plateau flow rapidly 
and relatively frequently, or at least enough to make the reconstruction of road 
and bridges on the Abha-Tihamah road a constant problem. Other widyan are 
long and sand-filled, such as Wadi ar Rimah and its former continuation Wadi al 
Batin, with virtually no present surface flow. Traces of many old drainage systems 
can be seen on radar images, such as SIR and X-SAR, which penetrate shallow 
sand and soil cover. Rivers are quite rare in Arabia. The various deposits of fluvial 
activity in Arabia are discussed later. 


6.1 FLASH FLOODS 


Although flash floods or sayl may occur only once in a decade, or even once in a 
century, they play an important role in moving large amounts of material from 
the sediment-filled widyan of desert regions in Arabia. After reaching peak level, 
flood waters may move with alarming speed of several kilometres per second. In 
desert areas, flash floods comprise the majority of casualties of all natural hazards. 
There are many instances of travellers being caught in widyan during flash floods 
when floodwaters may rise to several metres, in extreme cases up to 10 m. This 
happened to French tourists in Petra in 1963, caught by flash floods in the usu- 
ally dry, narrow Siq of Wadi Musa leading to Petra (Fig. 6.25), of whom some 23 
were drowned. In the Jordan—Palestine region, sudden rainstorms leading to flash 
floods are associated with tropical intrusions of moist air from North-East Africa 
causing localised convective showers. Flash floods in Syria and Iraq are more 
likely to be associated with winter cyclonic disturbances and nearby snow. This is 
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also the case in the Oman Mountains (Al Hajar), where sudden downpours in the 
mountains cause flash floods in the widyan. In the UAE, winter Shamal storms 
frequently bring flash floods, and they also cause considerable damage to roads in 
Asir and Hejaz as shown in Fig. 6.1. 

Flash flood discharge in Saudi Arabia, as shown by hydrograph records, peaks 
at 1-2.5 hrs. and the effects on the hydrograph base last from 4—50 hrs. 


6.2 EROSION AND THE ARID CYCLE 


The erosive action of widyan is considerable as even boulders are moved in their 
upper courses, where the wadi thalweg is steep. They play a major role in the Arid 
Cycle during the stage of Youth, as seen around the Asir Highlands, where relief 
is at a maximum and alluvial fans occur. In this area, the widyan along the Red 
Sea escarpment are very steep (Fig. 17.15), and full of boulders in their upper 
tracts before giving way to alluvial fans when they reach the Tihamah. In the 
next stage of Maturity seen in the Oman Mountains (Al Hajar), the mountain 
masses are intricately dissected and linked piedmont alluvial aprons, or more prop- 
erly bajada, are developed with their alluvia progressively encroaching inwards to 
the mountain mass (Fig. 14.5). Here widyan are numerous, sub-parallel, and sed- 
iment-filled. The last stage is Old Age with a few inselbergs remaining flanked by 
broad bajadas followed down slope by pediments generally coalescing into 
pediplains and then into broad alluvial plains. This stage can be recognized in the 





Fig. 6.1 Flash flood on the old Ta’if-Abha road in Wadi Turbah, Hejaz. (Photo by 
H. S. Edgell.) 
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Najd of the Arabian Shield (Fig. 14.34), but as one moves towards the broad allu- 
vial plains, where fluvial action is least, sand dune cover is encountered. 


6.3 SEDIMENT TRANSPORT 


After heavy rains, the wadi channel may be filled with muddy and turbulent 
water. These sudden desert stream flows are often of high velocity, 5.55-7 m/s 
being recorded near Hassi Messaoud in Algeria, and carry high concentrations of 
sediment >5,000 ppm in the western USA. In Wadi Neqarot in the southern 
Negev Desert, the largest recorded flood in December 22, 1993 had a peak dis- 
charge of 708 m?/s (El-Naser et al., 1998). Desert wadi channels carry very large 
amounts of sediment in suspension and traction. These may reach such high 
concentrations that the flows are mixtures of mud and debris, at least in the 
steeper upper tracts of these widyan. During flood in their lower tracts, widyan 
transport finer material, mainly silt and clay. There is a relatively minor contribu- 
tion by sheet floods, which are more common in humid areas. 


6.4 SEDIMENT DEPOSITION 


The main effect of floods in widyan is to carry silt and clay out into interior 
basins, where they accumulate as claypans, or as continental sabkhah, if the 
accumulated water is saline. Flash floods also deposit poorly sorted sediment with 
boulders, pebbles, sand and silt in the upper steeper parts of widyan. Their main 
deposits, however, are the alluvial fans, which form at the break of slope from the 
mountains to the plain. These also generally consist of poorly sorted sediment, 
but large alluvial fans are common in desert environments. Around the edge of 
the Rub‘ al Khali Basin, large alluvial fans can be seen, where most have formed 
during wetter phases of the Pleistocene, or probably even during Late Pliocene 
(McClure, 1978). The distribution of these large alluvial fans bordering the Rub‘ 
al Khali Desert and in north-eastern Arabia is shown in Fig. 6.2. 

Alluvial fans on the inner edge of the Oman Mountains (Al Hajar) have coa- 
lesced into a wide bajada, narrower on the Emirates side and increasingly wide 
towards the east, where it reaches a width of 185 km on the western edge of the 
Ramlat Al Wahibah. The poorly sorted nature of sediment in the upper part of 
this bajada, combined with a down slope permeability wedge-out, has been 
exploited to develop long falaj systems. These supply water to the towns and fields 
on the southern and south-western side of the Oman Mountains in an otherwise 
desert environment. In cross section, down slope desert alluvial fans are slightly 
concave and usually have incised washes in their upper part. They also show suc- 
cessive stages in their deposition with the main channel often shifting. Flash 
floods, debris flows and sediment-laden flash runoffs are the main factors causing 
the sediment build-up of alluvial fans and bajadas in the deserts of Arabia. 
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Fig. 6.2 Major Plio-Pleistocene alluvial fans of the Arabian Peninsula. (From Edgell, 
1989a.) 


6.5 DESERT RIVERS AND STREAMS 


While it may seem anomalous to associate rivers and streams with deserts, they 
do occur. The Nile and the Jordan are two such rivers, which flow through deserts 
for large parts of their courses, as well as the Euphrates (Nahr al Frat) flowing 
along the eastern edge of the Syrian Desert with Ash Shamiyah Desert to the 
south. The two main types of watercourses are those which are permanent, and 
those which are non-permanent, such as widyan. 


6.5.1 Permanent watercourses 


The Euphrates (Nahr Al Frat) is 2,735 km long and rises in Turkey, but most of its 
course is in Syria and Iraq along the edge of the Syrian Desert, until its confluence 
with the Tigris (Nahr ad Dijlah) at Al Qurnah. Below this junction, both form the 
Shatt al Arab and pass through a desert delta for the final 193 km. In fact, the 
Euphrates in Iraq is taken as the eastern border of the Syrian Desert. It has an 
average discharge of 900,000 l/s and is the longest river in western Asia, flowing 
diagonally from north-west to south-east with a somewhat meandering course in 
Iraq. In Syria, the Euphrates has two main tributaries, both perennial, which join it 
from the north, the Nahr al Balikh and Nahr al Khabur. No permanent watercourses 
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join the Euphrates as tributaries from the right bank (i.e., from the west), but a 
number of widyan join from the west in Iraq. 

The Jordan River starts from the Nahr al Hasbani in southern Lebanon and runs 
south for 320 km through the Jordan Rift Valley (Al Ghawr) passing through the 
Lake Tiberias (210 m below sea level), and ending in the Dead Sea (Al Bahr al 
Mayyit) at 415 m below sea level (Fig. 6.3). It has a large perennial tributary from 





Fig. 6.3 The Jordan River, Lake Tiberias and the Dead Sea. The light areas around the 
Dead Sea give an indication of its former extent in the Late Pleistocene. Note the Yarmouk 
River entering the Jordan River from the east just below Lake Tiberias, Wadi az Zarqa enter- 
ing from the east midway between Lake Tiberias and the Dead Sea and Wadi al Mujib enter- 
ing the Dead Sea from the east. Image width is 80 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl) 
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the east in the Yarmouk River just below Lake Tiberias, and the upper reaches of 
the Jordan River receive good annual rainfall of 400-600 mm and cannot be 
consi-dered arid. Major widyan, join the Jordan from the east, but are largely 
non-perennial. The flow of Wad az Zarqa is now controlled by the King Talal 
Dam, giving it a perennial flow of 2-3 million m? during summer and 5->8 mil- 
lion m? during winter. It is only in its lower reaches for about 30 km that the 
Jordan River passes through a desert area with average annual rainfall below 
200 mm and down to less than 100 mm, where it enters the Dead Sea. 


6.5.2 Non-perennial watercourses (widyan) 


The great majority of watercourses in Arabia are non-perennial and flow only 
seasonally in some cases, but quite infrequently for most widyan, which may flow 
only at intervals years apart. A map showing all the watercourses of Arabia, both 
perennial and mostly non-perennial, reveals the sand seas as areas without 
present-day watercourses (Fig. 6.4). 


6.5.2.1 Widyan of Saudi Arabia 


The major widyan of Saudi Arabia originate in the Asir-Hejaz plateau and in the 
Arabian Shield. They flow east and north-eastern into the lowlands of north-eastern 
Arabia and the larger ones cut through the Jabal Tuwayq escarpment, or take 
advantage of structural depressions like the Rub‘ al Khali Basin, or smaller ones, 
such as the Central Arabian Graben. In the present-day, most of large widyan, like 
Wadi ad Dawasir, Wadi as Sahba’ and Wadi ar Rimah now find their lower 
courses blocked by great sand dunes, although their entire courses were clear 
during several wetter, but semi-arid intervals of the Quaternary. Some small 
widyan find their courses blocked and end in greener vegetated areas known as 
rawdah (pl. rawdat or riyad), or end in saline claypans called qa‘ (pl. qi’an), 
khabra’ (pl. khabari) or faydah (pl. fiyad). 

Widyan originating in the Asir Plateau, such as Wadi Bishah and Wadi Tathlith 
flow at first northwards, being joined by Wadi Ranyah, and then turn east to join 
Wadi ad Dawasir, which flows eastward into the south-western Rub‘ al Khali. 
A large alluvial fan extends east from near As Sulayyil for 60 km and is up to 12 
km wide. There are clear indications on satellite imagery that Wadi ad Dawasir 
was once part of a large wadi system (Fig. 6.5), joined from the north-west by 
Wadi al Magqran, Wadi al Judwal and Wadi Jawb, which flowed to the Persian Gulf 
during wetter intervals of the Pleistocene and Early Holocene (Edgell, 1989a). 
This is confirmed by the presence of numerous, ancient, cultivated fields on the 
old Wadi ad Dawasir drainage (Edgell, 2004), some 45 km south of Jabrin, which 
are from the Iron Age, about 2,000 years ago, when the climate was milder 
(Fig. 9.23). Wadi as Sahba’ and its tributaries Wadi Hanifah and Wadi Nisah com- 
prise another large wadi system draining the central Arabian Shield, which also 
once reached the Persian Gulf in Dawhat Sumaira. 
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Fig. 6.4 Detailed drainage pattern for Arabia. Note the absence of drainage in all the 
major sand desert areas, which appear white or yellow. Non-perennial watercourses are in 
black and permanent streams or semi-permanent streams are in red, while permanently 
wet areas appear in blue. (Constructed from data in Hearn et al., 2003). 


The eastward trace of Wadi as Sahba’ is very clear on Landsat images (Fig. 6.6). 
In the field, however, gravels of the old wadi bed have been cemented and now 
stand out in relief as resistant, exhumed gravel trains 30-60 m above the present 
thalweg indicating relict drainage (Brown, 1960). In past wetter phases, part 
of Wadi as Sahba’ branched north-east and flowed into the head of the Gulf of 
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Fig. 6.5 Late Pleistocene drainage systems of the Arabian Peninsula during the wetter, 
semi-arid interval, from 22,000 to 34,000 years ago. Wadi ad Dawasir and its tributaries 
Wadi al Maqran, Wadi al Judwal and Wadi Jawb formed one system flowing across a riverine 
plain in the emptied Persian Gulf to join the Indian Ocean in the Gulf of Oman. (From 
Edgell, 1989a, also unacknowledged in Dabbagh et al. 1997, 1998.) 


Salwah. Philby (1933b) wrote, “The Sahba is one of the great and long dead 
rivers of ancient Arabia, having a total length of more than 500 miles from its 
head ...in the central highlands of Najd ... to its mouth in the Persian Gulf.” 
Later, Powers et al. (1966) stated, “probable links strongly suggest that the 
channel gravels are remnants of Tertiary rivers, which brought down the great 
gravel floods incorporated in the lower part of the Hofuf Formation.” This view 
has been partly followed by Hötzl et al. (1978), who note that quarries into the 
ridge created by relief inversion show a channel cut into limestone and filled with 
gravel, which they attribute to the Upper Pliocene to lowest Pleistocene. They 
state “There is no doubt that the delta of Wadi as Sahba’ belongs to an old river 
system crossing the Hofuf Formation (Mio-Pliocene) west of Haradh ‘and that the 
delta must have its origin in the post Lower Pliocene.” Most of the gravels of the 
delta of Wadi as Sahba’ are Pleistocene and the wadi system was active as late as 
the Early Holocene wetter phase, if not during more recent floods, as shown by 
the well-preserved nature of its channel (Fig. 6.7). 
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Fig. 6.6 Wadi as Sahba’ showing its ancient delta-like distributaries with the main 
course extending to Dawhat Sumaira and towards Sabkhat Matti, while others extend to 
the Gulf of Salwah. (Modified NASA Landsat 7 imagery 2000 series, courtesy of 
nasa.gov/mrsid/mrsid/pl.) 


Wadi ar Rimah and its former continuation Wadi al Batin form the longest wadi 
system in Arabia and extend from the northern Arabian Shield north-eastward for 
970 km until reaching Hawr al Hammar in southern Iraq. The Wadi ar Rimah sys- 
tem drains an area of over 112,000 km?, and although its lower course is largely 
sand filled, it still carries water in the wadi subsurface. The two widyan are now sep- 
arated by sand dunes of the Nafud as Sirr and Nafud ath Thuwayrat, but were con- 
tinuous during the Quaternary wetter phases, the most recent being the ‘Neolithic 
Wet Phase’ from 5,500 to 10,000 years ago. Wadi al Batin has gravel trains up to 20 
m high, reflecting relict cemented wadi gravels and boulders, mainly of limestones 
eroded from the central Arabian escarpments, now left raised by deflation of sur- 
rounding sediments (Brown, 1960), but it also has a modern channel (Fig. 14.10). 

An historic wadi about 50 km long can be seen on Landsat images to run 
north-east from al Hufuf to Dawhat Zalum (Fig. 6.8), and is referred to as the 
‘Hofuf River’ (Water Atlas of Saudi Arabia, 1984), although it does not appear at 
all on the USGS (Scale 1:500.000) map of that region. Golding (1984) drew 
attention to this old wadi and suggests that it is the Aftan River shown on a nine- 
teenth century map, also mentioned by Yaqut around AD 1200 (Wustenfeld, 
1869), and also by Al-Hamdani (ca. 940 AD), who called it the Muhallim. Even 
Ptolemy (AD 150) refers to it as the Laris River, and states that it originates from 
the town of Lattha, modern Al-Hasa or Al Hufuf. Golding also states that this 
wadi once carried freshwater to an old irrigated site associated with the ancient 
city of Gerrha, but considers that the Jafurah sands are moving south at some 
10 m/year and have cut off the wadi outlet and largely buried the city. It is visible 
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Fig. 6.7 Wadi as Sahba’ shown from lower left to near top right corner, where it enters the 
Persian Gulf in Dawhat Sumaira. Numerous delta-type distributaries appear on this mosaic of 
images from SIR-C, which penetrates 3—4 m of sand cover. One set of old channels flowed to 
the Gulf of Salwah, west of Qatar, while the main channel enters the Persian Gulf in Dawhat 
Sumaira, east of Qatar. The old delta of Wadi as Sahba’ appears as a gravel tongue near the 
top right edge. Other distributaries fan out towards the north-east, one draining into the —14 
m Bani at Tarfa depression. Image width is 100 km. Note North arrow. (NASA SIR-C images. 
flt2_33/dt027_10/2000/1862/17,18,19; flt2_44/dt043_10/2000/1654/15,16) 


on air photos and high-resolution satellite imagery, but may also have been the 
name of an ancient rich state of Gerrha around Al Hasa as well as its port. 

Several major widyan flow towards the NNE, from the relatively well-watered 
Asir Plateau. These are Wadi Bishah (Fig. 14.7) and Wadi Tathlith (Fig. 6.9), both 
about 250 km long, and joining the east-flowing Wadi ad Dawasir (Fig. 14.6). 
Wadi Bishah and Wadi Tathlith have both helped to transport large amounts of 
sediments from the Asir Plateau and have removed much of the former sedimen- 
tary cover, some of which now remains as isolated outliers of the Ordovician 
Wajid Sandstone resting with nonconformity on the crystalline rocks of the 
Arabian Shield in the Asir Plateau (Fig. 17.12). 
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Fig. 6.8 Hofuf River or Aftan River flowing NE through sand dunes to Dawhat Zalum 
from Al Hasa oases. There are now two channels. The lower one is the Hofuf River and the 
upper one more recent overflow from waste water. Image width is 80 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl) 


Many relatively short widyan that descend steeply westward from the Asir- 
Hejaz Plateau to the Tihamah Red Sea coastal plain make useful contributions to 
agriculture, as seen in the Jizan region. The Tihamah of Saudi Arabia is divided 
into a southern part, the Tihamat Asir from 18°N to the Yemen border, and a 
northern part, the Tihamat ash Sham north of 18°N to 20°10’N. From south to 
north, the main widyan of the Tihamat Asir are Wadi Harad, W. Ta’ Ashar joined 
by W. Liyyah passing through Samad, W. Khulab, W. Khums, W. Fija, W. Magab, 
W. Amlah, W. Jizan entering the Red Sea just north of Jizan, W. Dhamad, 
W. Sabya, W. Baysh and its tributaries widyan Nakhlan, Wasi, Shadan and Gara, 
as well as W. Bayd and W. Itwadh (Fig. 16.6). Typically the widyan of Tihamat 
Asir have their headwaters in the Asir escarpment and, after relatively short 
steep courses, debouch onto the southern Tihamah Plain flowing through 
terraces of coarse, poorly sorted gravel. Wadi Baysh is a major wadi in south- 
western Arabia with a catchment of 5,970 km? and usually discharges its 
floodwaters as flash floods with a maximum average monthly runoff of 13.07 
m? (Khiyami et al., 2000). Wadi Jizan with the Malaki Dam provides much of 
the water supply for the town of Jizan, which is situated on a salt plug in the 
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Fig.6.9 Wadi Tathlith in its southern part, looking NW, showing terraces of alluvial silt 
incised by the present watercourse. Part of the Asir Plateau is in the left background. 
(Photo courtesy of P. Vincent.) 


southern Tihamah. The main widyan crossing the Tihamat ash Sham going 
northwards are Wadi Hali, W. Yiba, W. Nawan and W. al Lith. Principal widyan 
in the Jiddah coastal plain are the large Wadi Fatimah, W. Bani Malik just north 
of Jiddah, Wadi Muragh, W. Usfan (joined by W. Faridah, W. as Sugah and W. ash 
Shamiyah), the long Wadi Murwani emanating from the Harrat Rahat and join- 
ing W. Khulays, as well as W. Ghula, and W. Qudayd (Fig. 16.7). Some widyan 
with thick Quaternary gravel deposits provide significant aquifers, such as Wadi 
Murwani and W. Fatimah, near the city of Jiddah. The individual widyan of the 
Red Sea coastal plain are discussed in detail by various authors in Jado and Zötl 
(1984). 


6.5.2.2 Widyan of the United Arab Emirates 


Most of the UAE coastline is very arid and typified by sabkhah deposits. There 
are relatively few known widyan that reach the coast along the Persian Gulf. 
Wadi Bih is an exception, as it rises in the nearby Oman Mountains, and is over 
25 km long, forming a substantial alluvial fan 10 km wide, which extends 5 km 
upstream just south-east of Khawr Khaimah, the lagoon of Ra’s al Khaimah. 
Wadi at Tawyen, joined by Wadi Naqab, flows around the western edge of this 
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Wadi Bih alluvial fan into the southern part of Khawr Khaimah, where the 
adjacent land to the south is liable to inundation by flash floods. Wadi Juweiza 
also flows west in the Oman Mountains and then turns NNW on the plain 
becoming almost lost beneath great sand dunes. Landsat MSS band 7 shows 
that Wadi Juweiza cuts across these ‘uruq to the south-eastern edge of Khawr 
Umm al Qawain. Since the dunes in this area have been dated at 7,000 years BP 
(Goudie and Stokes, 2000), it appears that Wadi Juweiza flowed to the coast in 
earlier wetter intervals and the lagoon at Umm al Quwain originated in this 
way. Landsat MSS interpretation shows that Khawr Dubai and the main khawr 
of Abu Dhabi also originated from widyan, which once flowed north-west to the 
Gulf (El-Baz, 2000). Wadi Siji is another draining west from the northern Al 
Hajar. It has a dam and drains north-west to Dhaid in Sharjah. In the eastern 
interior of the Emirates, a number of widyan flow westward or south-westward 
from Al Hajar, These include from north to south Wadi as Sumayni, W. ash Shifa, 
W. Safwan, W. Sharm, W. Mahadah, W. at Tiwayyah, W. as Silemi, W. Al Ain 
(flowing through Al Ain (Al Ayn), and W. ash Shik. A number of widyan flowing 
to the Arabian Sea from the northern Oman Mountains are significant for agri- 
culture along the narrow coastal strip (Fujairah Emirate). They include W. al 
Abadilah (W. Dibba) draining north-east along the Dibba Fault to the coast at 
Dibba, W. Wurayah reaching northern Khawr Fakhan, and W. Ham, the largest 
and longest in the area, draining south-east to Fujairah from its origin in springs 
in the Masafi area. 


6.5.2.3 Widyan of northern Oman 


A great many widyan flow from the Oman Mountains (Al Hajar), most noticeably 
on the interior slope, south and south-west of these mountains. Another group of 
much shorter widyan flow north-east and north from Al Hajar across the Batinah 
coastal plain, and some even shorter widyan flow from the mountains to the 
coast between Muscat (Masqat) and Sur. A small number of widyan flows roughly 
east from Jabal Khamis and Jabal Ja’alan towards the coast in the vicinity of Ra’s 
al Hadd. 

The widyan of the south and south-western slope of Al Hajar flow down the 
wide bajada of mostly Middle to Late Quaternary gravel, which has accumulated 
on the inner side of these mountains into the north-east Rub‘ al Khali, or towards 
the Hugf Depression. These widyan flowing towards the interior are so numerous 
that only some major one are mentioned here. They include from NW-SE, the 
south-west flowing widyan of Wadi Sifa running into Ramlat ad Dima, W. Dank 
also running into the north-eastern Rub‘ al Khali and W. al Ayn over 150 km 
long running through Ibri. Wadi Aswad, W. Musallim, W. Majhul and W. Haliban 
all flow into the 55 m topographic low of the Umm as Samim sabkhah, and 
W. Umayri also feeds into the Umm as Samim with W. Bahla as a tributary running 
through Bahla (El-Baz, 2002). These widyan draining the Oman Mountains have 
low salinity in their upper courses and become increasingly saline towards the 
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interior due to evaporation and contribution of saline groundwater. Tang et al. 
(2001) have shown the following downstream bajada wadi sequence: Ca-HCO, 
type [rainfall — Mg-HCO, type] (stream in mountain, groundwater in wadi 
upstream) -Na—Mg-—Cl-HCO, or Na—Mg-Cl type (groundwater in wadi down- 
stream) —Na-Cl type (inland sabkhahs). The south flowing widyan include Wadi 
Halfayn, a very long wadi running into a sabkhah just west of the Wahiba Sands, 
and originating in Jabal Akhdar as W. Ahyad, which flows through Nizwa. Wadi 
Halfayn also provides part of the Sama’il Gap between Izki and Muscat. Another 
large south flowing wadi is Wadi Matan running along the west side of the Wahiba 
Sands. Wadi al Bahta runs east south-east from Al Hajar as Sharqi and truncates 
the northern ends of linear dunes of the Ramlat al Wahibah. A few of the 
shorter widyan draining the high Jabal Akhdar to the north-east across the 
Batinah coastal plain are Wadi Bani Awf, W. Sahtan and W. Bani Kharus. 
Although rainfall along the Batinah coast is minimal, runoff from Al Hajar 
through the widyan to coast provides good shallow groundwater, usually only at 
a depth of two metres. Wadi Sama’ il is a significant wadi flowing north-east from 
the eastern end of Jabal Akhdar and then north. It forms the Sama’il Gap through 
Al Hajar. In the highly dissected Musandam Peninsula (Ru’us al Jibal), a relatively 
short wadi, called Wadi Makhus runs north to the town of Khasab. 


6.5.2.4 Widyan of southern Oman (Dhofar) 


In Dhofar, a series of east-west plateaux lie just north of the narrow down-faulted 
coastal plain. Almost all the major widyan drain northwards, down a gentle slope 
until they reach the southern edge of the Rub‘ al Khali Desert (Fig. 6.10). The 
main north flowing widyan of interior Dhofar are, from west to east, Wadi Aydam 
and its tributary W. Tanfarawt, and W. Ghadun, W. Dawkah and its tributary, 
W. Thumrayt, as well as W. Qatbit and W. Ara. Another wadi system is determined 
by the southern border of the Rub‘ al Khali sands. This system drains to the 
north-east and consists successively from SW to NE of Wadi Aidim, W. Atina, 
W. Umm al Hait (literally ‘The Mother of Life’) and W. Aridh, which flow over 130 
km to the unusual desert pool at Mugshin, or Al Ain, on the edge of the giant, 
180 m high, red sand dunes of Ramlat Mugshin in the southern Rub‘ al Khali. 

Widyan draining to the coast in Dhofar are either controlled by ENE faulting as 
in Wadi Rabkhut (Raykut), W. Sarfayt and W. Adawnab, or flow almost directly 
south as in W. Ashwaq and W. Darbat. There is a spectacular 130 m high travertine 
cliff, known as Dahaq Thuari (Fig. 6.11) on Wadi Darbat with a small freshwater 
lake 3.5 km long and up to 20 m wide impounded behind it (Fig. 6.12), and a 
waterfall during the summer monsoon (Edgell, 2000). A waterfall occurs over the 
Dahagq in the Kharif rainy season 

Where Wadi Darbat flows onto the narrow coastal plain, it has formed an inlet at 
Khawr Ruri (Rori), once the site of the ancient frankincense port of Sumhuram, men- 
tioned as Moscha by Ptolemy ca. AD. 150, and called Moscha Limen in the ‘Periplus 
of the Erythraean Sea’ (AD. 62). [Schopf, 1953; Casson, 1989; Boukharin, 2002]. 
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Fig. 6.10 Widyan of Dhofar in south Oman, flowing northward from the narrow 
plateau formed by Jabal Qamar, Jabal Qara and Jabal Samhan. (From Edgell, 2004; 
Modified from U. S. Geological Survey Landsat 7 imagery USGS-OF-02-11; SA(IR)-342.) 


6.5.2.5 Widyan of southern Yemen 


Wadi Hadramawt runs from west to east for at least 200 km through the long, 
shallow synclinal axis of the Hadramawt Plateau arch. It is the most remarkable 
flat-floored, canyon-like wadi in Arabia and is up to 10 km wide near Shibam, 
although narrowing to about 4 km downstream and then changing to run SE 
along Wadi Masilah. There is only a slight eastward gradient of the plain along the 
western ‘funnel’ of 100 m in 115 km or less than 1%. Some widyan joining the 
broadest part, flow westward. The wadi is cut into Paleocene and Eocene lime- 
stones and has nearly vertical cliffs bordering it, while most of the wadi floor is flat 
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Fig. 6.11 Travertine filled valley of Wadi Darbat with a 130 m high cliff, called the 
Dahag Thuari, facing south to the Dhofar coastal plain, southern Oman. (Photo by H. S. 
Edgell.) 


and filled with Quaternary alluvium (Figs. 6.13a, b, c, 10.12, 17.5 and 17.6). The 
Arabic word ‘Hadramawt’ means a secluded or enclosed harsh place. It is related 
to the Greek word ‘hydreumata’ meaning enclosed and is called ‘Hazarmveth’ in 
the Bible. Just east of the city of Tarim, the wadi narrows further and turns 
towards the south-east, where its lower course to the Arabian Sea is known as 
Wadi Masilah. Despite the arid environment of Wadi Hadramawt, there is suffi- 
cient groundwater in the Quaternary alluvium for agriculture and cultivation that 
has taken place along the wadi floor since 7,000 years BP (Oches, 2004). An east- 
ward tongue of the Ramlat as Sab’atayn sands extends into the western part of 
Wadi Hadramawt. Tributary widyan join Wadi Hadramawt both from the south, 
the south-west and from the north-west and north. Those widyan coming from the 
south include from west to east, Wadi Duhur, Wadi Rakhya, W. Du’an and W. Al 
Ain, flowing into the eastern sands of Ramlat as Sab’atayn; W. Amd flowing 
towards Al Qatn, W. Bir Ali flowing towards Shibam, W. Jathmah draining towards 
Sayun and W. Adim flowing north to near Tarim. Most of these widyan are flat- 
floored and populated in their lower courses. Tributary widyan joining Wadi 
Hadramawt from the north are less significant, as the Northern Jawl is drier. They 
include from west to east, Wadi Sadaf, W. Qubhudh, W. Ju’aimah and W. Dhahab. 
Numerous widyan draining north-north-east into the southern Rub‘ al Khali, 
dissect the Northern Jawl. Each major wadi has its own dendritic pattern of trib- 
utaries, but they appear to have formed in intervals of greater rainfall than the 
present arid conditions and are now relict drainage, as modern flow is minimal. 
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Fig. 6.12 Darbat freshwater lake in Wadi Darbat behind the Dahaq Thuari, in Dhofar, 
southern Oman, 1955. Major St. John Armitage, with two askaris of the Sultan’s Dhofar 
Defense Force, and Bill Terry (centre) of the American Foundation for the Study of Man. 
(Photo by H. S. Edgell.) 


Some of these widyan draining the Northern Jawl are from west to east Wadi 
Hawar, W. Khudrah, W. Qinab passing Thamud, and W. Mitan draining into the 
north-western corner of Dhofar. Most widyan draining to the coast are minor, 
such as Wadi al Jiz’ reaching the coast near Al Ghaydah in the Mahra country, 
and Wadi Ghabari at Qishn. On the western edge of the Ayn al Juwayri dune field, 
Wadi Mayfa’ah flows south-westward from the Al Kawr highlands and then 
south to enter the Arabian Sea on the western side of Al Ayn Bay. Wadi Tubann 
flowing south-east for over 120 km from the Yemen Highlands towards Aden is 
quite a significant wadi, as its Quaternary alluvium around Lahj (Lahej) allows 
cultivation of importance to the city of Aden. 


6.5.2.6 Widyan of interior northern Yemen 


The interior of Yemen to the east of the Yemen Highlands is again arid and 
contains a number of widyan draining mostly to the north-east. From south to 
north, these include the widyan As Salf, Markhab, Bayhan, Jannah, Harib, 
Dhamar-Adanah, Abrad, Raghwan and Kharid. The Wadi Dhamar-Wadi 
Adanah (W. Danah) system flows to the site of the ancient Ma’rib Dam and then 
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Fig. 6.13a Wadi Hadramawt near Sayun (Saiwun). Lower slopes are clastics of the 
sandy Cretaceous Tawilah Group, the cliffs are limestones of the Paleocene—Lower Eocene 
Umm er Radhuma Formation and the low scarp on the skyline is the Middle Eocene 
Dammam Formation. (Photo by H. S. Edgell.) 


disappears into the sands of Ramlat as Sab’atayn. Further north, Wadi al Jawf 
drains east south-east into the Jawf Basin and is joined by Wadi Madhab coming 
from the north-west and also by Wadi al Qadim joining at the ancient town of 
Ma’in as well as by Wadi Raghwan coming from the south-west. Further to the 
north, in succession, the widyan Khab, Itimah, ‘Atfayn, Najran and Habawanah, 
all drain north-eastward into the sands of the south-western Rub‘ al Khali of 
Saudi Arabia. Nowadays, the large, 73 m high Najran Dam (Fig. 6.14) on Wadi 
Najran allows good irrigation around Najran. 

Wadi Itima, W. Najran and W. Habawanah all joined in an old drainage system 
of former semi-arid wetter phases that extended north-eastward to connect with 
the Wadi ad Dawasir system probably between 17,000 and 36,000 years BP 
(Edgell, 1989a). 


6.5.2.7 Widyan of the Tihamat al Yemen 


The major widyan flowing west from the well-watered highlands of the Yemen to the 
Red sea coastal plain, or Tihamat al Yemen, are from north to south Mawr, Zabid, 
Surdud, and Siham, Rima (Ruma), Rasyan and Mawsa. In terms of surface flow, 
widyan Mawr, Zabid, Surdud, and Siham are the more important. These widyan all 
have large alluvial fans and are significant for spate irrigation cultivation on the 
southern Tihamah (Fig. 6.15). 





Fig. 6.13b View of the southern side of Wadi Hadramawt at Sayun. Note the cliff of 
Paleogene Umm er Radhuma Formation in the top left and the lower slopes of the thick 
Cretaceous Tawilah Group. (Photo by H. S. Edgell.) 
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(c) 
Fig. 6.13c Geological map of the central Wadi Hadramawt from Arabsat imagery. 
(Scale 1:1,1760,500) (After Edgell, 1987f.) 
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Fig. 6.14 Najran Dam in Precambrian crystalline rocks of the southern Arabian Shield 
on Wadi Najran in south-western Saudi Arabia. (Photo by H. S. Edgell.) 


6.5.2.8 Widyan of Jordan 


The principal widyan of Jordan are those draining into the Dead Sea basin includ- 
ing Wadi az Zarqa, Wadi al Mujib, Wadi al Kerak and Wadi Hasa with a total aver- 
age annual runoff of 191 million mè. There is a small amount of surface flow 
south of the Dead Sea in Wadi Araba and associated widyan, such as Wadi Feifa, 
Wadi Khuneizir, Wadi Fidan, Wadi al Buweirida and Wadi Musa. The widyan of 
eastern Jordan are small and relatively short like Wadi el Janah and Wadi Bayi, 
except for Wadi as Sirhan on Jordan’s eastern border, which drains into an inter- 
nal drainage basin in northern Saudi Arabia. Wadi Rum (or Ram) lies about 
50 km ENE of Aqaba in southern interior Jordan and drains northward with a 
sandy wadi floor through spectacular desert scenery, flanked by huge, sheer-sided 
Lower Palaeozoic sandstone mesas. 


6.5.2.9 Widyan and rivers of Syria 


Syria is relatively well-endowed with rivers including the Euphrates (Nahr al 
Frat), Nahr al Khabur, Nahr al Balikh, Nahr Quwayq, Nahr al Asi, Nahr al 
Barada, and part of the Yarmouk River in the south. There are a number of small 
widyan in eastern Syria, such as Wadi as Suwab, Wadi Ratga and Wadi ar Rhorr, 
draining from the south-west to join the Nahr al Frat. Wadi Akash also drains 
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Fig. 6.15 Widyan of the Tihamat al Yemen descending from the Yemen highlands with 
many closely spaced, braided watercourses, as seen near Al Mukha (Mocha). Image width 
is 100 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl.) 


from the south-west with most of its course in western Iraq and joins the Nahr al 
Frat at Abu Jamal just inside eastern Syria. A few small widyan drain southward 
from the Palmyrides into Sabkhah Muh, with alluvial fans where they debouch 
from the mountains, such as Wadi al Ahmar. 


6.5.2.10 Widyan of western Iraq 


Almost all the widyan of Iraq, west of the Euphrates (Nahr al Frat), drain towards 
the north-east from across or near the Iraq/Saudi border. Some of the larger 
widyan from north-west to south-east include, Wadi ar Ratqah, W. al Mu’ani, 
W. Hawran, W. Amij, W. al Ghadawi, W. at Turbal, W. al Ubayyid, Sha’ib al 
Ubaydat, W. Khayyid, W. Ar’ar, W. al Ghundaf, W. Hamir, W. Araj, W. al Khurr, 
Sha’ib Hasb and Sha’ib Firk. Many of these widyan originate in the dissected 
Widyan Plateau of north-eastern Saudi Arabia. 
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6.6 OASES OF ARABIA 


Oases are fertile areas or permanent freshwater bodies in the desert. They may be 
divided into: (1) places where the groundwater table intersects the surface caus- 
ing a spring or small lake, (2) rainwater entrapped in deep, shaded ravines or 
mountain hollows as pools, (3) structural blockage of groundwater flow causing 
a freshwater pool or pools to occur and (4) localised fertile areas of vegetation, 
where groundwater is at or near the surface. 


6.6.1 Oases of Saudi Arabia 


There are many oases in Saudi Arabia, although most have become the sites of 
towns or cities, since they represent fertile areas in an otherwise harsh, arid, 
desert environment. 

The main oases in Saudi Arabia are at Al Kharj, Al Layla-Al Aflaj, Al Hufuf 
(Hofuf), Buraydah, Ha’il, Al Qatif, Al Madinah, Al Jawf, Sakakah, As Sulayyil, 
Tarut and Al ‘Ula. At most of these places, the oases are fertile areas due to 
groundwater near the surface. Al Layla is an exception where there are 17 small, 
spring-fed lakes, known as ‘Uyun al Aflaj covering a total surface area of 385 
hectare. In ancient times there was a single lake covering 4 km? and falaj (qanats) 
were developed around the lake (Ritter, 1981) (Fig. 15.17b). Dissolution of the 
underlying Hith Anhydrite by groundwater has caused the Sulaiy, Yamama 
and Buwaib limestone formations to collapse and become brecciated with local 
secondary porosity containing good groundwater at Al Layla (Edgell, 199 7a). 
A better-known exception is the Al Hasa springs at Al Hufuf, where the Lower 
Miocene Dam Formation limestone is karstified allowing ‘fossil’ water about 
20,000 years old to escape from the underlying Umm er Radhuma aquifer 
(Edgell, 1989c), as seen at Ayn Khuddud spring (Figs. 6.16 and 6.17). 

The whole Al Hufuf area is a veritable oasis with springs yielding water at the 
rate of 12 m?/s to 14 m?/s, allowing large areas of date gardens. In wetter intervals 
of the Late Pleistocene and Early Holocene, a lake system occurred in the Al Hufuf 
area with a channel 35 m wide near ‘Uyun draining to the north. This channel was 
called Wadi Aftan by Al-Idrisi about AD 1150, and was noted on later maps as the 
Aftan River, but it became blocked by sand dunes of the Jafurah in the 13th century 
AD (Ministry of Agriculture and Water, 1984). Nowadays, the Aftan River is added 
to by treated sewage water from Al Hufuf and Abqaiq, plus a number of other small 
towns. It might not be a traditional oasis, but there are many pools along this chan- 
nel, some as large as 250 hectare and they is also referred to as the Al Hasa Lagoons 
(Newton, 1994). The warm spring on Tarut Island (Jazirat Tarut) is another case, 
where groundwater escapes to the surface from the underlying Khobar aquifer near 
the centre of the island beside an old Portuguese fort (Fig. 6.18a), also allowing 
date gardens. It has been actively used since at least Neolithic times. 

Nearby Al Qatif and its surroundings of gardens and date palms might also be 
considered an oasis, although groundwater there has been drawn from the 
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Fig. 6.16 ‘Ayun Khuddud Spring at Al Hufuf, view of the main pool. (Photo by H. S. Edgell.) 


Khobar aquifer since ancient times. A causeway joins Tarut Island to the main- 
land at Al Qatif (Fig. 6.18b). 

Al Madinah, or Madinat An Nabi (The City of the Prophet) lies at the north end 
of Harrat Rahat 180 km east of the Red Sea in older Quaternary wadi deposits 
and with Wadi al Aqiq passing north of the city, which provides shallow ground- 
water for gardens. It also has the spring of Al Ain az Zarqaa’, originally called Ain 
al Azraq or the Blue Spring, and at least four old wells. The city of Buraydah lies 
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Fig. 6.17 Geological cross section of the Ghawar Anticline and Al Hufuf area (Hofuf) 
showing groundwater from the main Umm er Radhuma aquifer and Alat and Khobar 
aquifers leaking up through the karstified Dam Formation limestones to appear as springs 
at Al Hufuf. (Modified from BRGM 1977.) 
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Fig. 6.18a Old Portuguese fort on Tarut Island. A warm freshwater spring known as 
the ‘womens’ spring,’ emerges at the lower right below the corrugated iron, so that it is for- 
bidden to climb the jabal. Neolithic implements were found in a crevice just above the stone 
wall. (Photo by H. S. Edgell.) 


at 640 m elevation on the north side of Wadi ar Rimah, which is here blocked by 
a series of dunefields, such as the Nafud al Ghamis and the Nafud Buraydah. It is 
an oasis because of shallow groundwater in the old alluvium of Wadi ar Rimah 
and also because of a local spring, known as ‘Ain Abdallah ibn Asa. The northern 
city of Ha’il is situated on the north-east draining Wadi Dayri, and Al ‘Ula is on 
the south-east draining Wadi Al ‘Ula, which is 1-2 km wide. Both are oases 
because of shallow groundwater in Quaternary alluvium. Sakakah is a small 
oasis town on the Ha’il-Rutbah Arch in northern Saudi Arabia. It is situated in a 
depression in the Sakaka Sandstone with widyan draining in from the north-west 
and south. The small oasis town of Al Jawf is located 43 km to the south-west in 
a depression in the Devonian Jauf Formation limestone with widyan draining in 
from the north and west and near the wetland of Dumat al Jandl. Al Kharj is an 
oasis area 80 km south-east of Ar Riyadh on Wadi Nisah in the Central Arabian 
Graben, also fed by waste water from Ar Riyadh coming down Wadi Hanifah. The 
town of As Sulayyil lies on Wadi ad Dawasir, where this large wadi draining the 
Asir Highlands cuts through the Tuwayq escarpment. At As Sulayyil, the wadi is 
4 km wide and runs from west to east, being 10 km wide further west. The 
Quaternary alluvium in Wadi ad Dawasir is largely gravel and sand up to 100 m 
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Fig. 6.18b The oases of Tarut Island and the nearby city of Al Qatif. Ra’s Tannurah is 
seen in the upper right corner. Image width is 20 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl.) 


thick and contains considerable shallow groundwater making the area a fertile 
oasis. Groundwater from the alluvium is generally over 3,500 mg/l TDS, but con- 
siderable good quality groundwater is obtained from the Ordovician Wajid 
Sandstone aquifer. 

There are smaller, less well-known oases in other parts of the country. These 
include permanent pools near Jabal Qaraqir, 80 km south of Tabuk, where pools 
occur in canyons in the Cambrian Siq Sandstone and there is running water in 
winter and spring. Wadi Lajb, 40 km north-east of Baysh town is a deep, 5 km long 
canyon in the upper tributaries of Wadi Baysh, with canyon walls 400 m high. 
Streams, waterfalls and pools are perennial and there are seepage lines along the 
canyon walls. This is a little-known wild oasis with luxuriant African type vegeta- 
tion with long-stemmed palms, wild fig trees, and ferns (Newton, 1994). 


6.6.2 Oases of the United Arab Emirates 


The main oases of the UAE are at Al Ain, Dhaid and Al Liwa’. Al Ain is the main 
town of interior UAE and is a natural oasis, where cultivation has taken place for 
5,000 years. It is located at the north end of Jabal Hafit on Wadi al Ain (‘Ayn), a 
south-west draining extension of Wadi ash Shik, with Wadi al Jimi lying to the 
north of the town. Most of the water supply for Al Ain oasis comes from aflaj 
(qanats) carrying water from the foot of the Oman Mountains (Al Hajar). Al Ain 
is one of nine oases previously referred to as the Buraimi Oasis (Fig. 6.19). 
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Fig. 6.19 Satellite image of Al Ain, the major Buraimi oasis, with Wadi al Ain to its 
south, and Wadi al Jimi to its north. Jabal Hafit anticline in the lower mid right. Image width 
is 25 km. (U. S. Geological Survey Aster VNIR Image ID:AST_LIB.003.2015617276.) 


Other oasis settlements within the UAE part of Buraimi Oasis, include Jimi, 
Muwaigih and Mataradh, Hilli and Qatarrah oases lie to the north of Al Ain with 
their own falaj systems, but are generally considered part of Al Ain. 

Al Liwa’ is a sand dune area in the southern UAE and is situated in part of the 
north-eastern Rub‘ al Khali Desert. Chains of light coloured barchanoid dunes over 
100 m high, with slip faces on the south, trend roughly east-west in Al Liwa’ with a 
crescentic chain of depressions stretching for 120 km between them. In these 
depressions, sheltered from the Shamal, there is fertile soil, and shallow wells from 
1 to 25 m deep yield fresh to brackish water allowing date palm cultivation. The 
water seems to be derived from rainwater stored in these large dunes and comes out 
at the base of dunes, since freshwater floats on saline water. From east to west some 
of the oasis villages of Al Liwa’ include, Mahdar Himem, Mahdar al Khis, Mahdar al 
Nashash, Mahdar ath Tharwaniyyah, Mahdar Shah, Mahdar Huwelah, Mahdar al 
Mariyyah ash Shargiyyah, Mahdar Qutuf, Tarfali, Ali Hilah and Khannur. 
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The oasis town of Dhaid lies in gravel plains at the western foot of the Al Hajar 
mountains midway between the eastern and western coasts of the UAE. It is at 
the entrance to Wadi Siji and depends upon a falaj system for water supply, 
although rainwater is also collected from runoff to keep local wells filled. Citrus 
fruits, dates, strawberries and vegetables are grown at Dhaid. 


6.6.3 Oases of northern Oman 


The main oases of northern Oman are located on the southern and south-western 
flanks of the Oman Mountains (Al Hajar) and include most of the major towns and 
villages in this region. They include from north-west to south-east Buraimi, Dank, 
Ibri, Al Hamra, Bahla, Nizwa, Adam, Manah, Birkhat al Mawz, Izki, Samad, Ibra, Al 
Mudaibi, Al Mudairib and Al Mintirib, to name but a few of the very many oases all 
dependent on falaj systems, or to use the correct plural, aflaj. Buraimi consists of 
nine oasis villages, three of which are in Oman, near the western border of the 
Oman with the UAE. These villages are Buraimi, Hamasa and As Sara. Nearby Al 
Qabil, Hamad, Hasam and Harim are also supplied by water from aflaj. Dank is an 
oasis village in the Hajar al Gharbi with date gardens supplied by falaj. Ibri is an old- 
walled town with springs and date gardens also supplied with water by a falaj sys- 
tem. Al Hamra is an oasis on the southern margin of Jabal Akhdar, where water is 
supplied by falaj systems and dates and citrus fruits grow often on terraces. Bahla is 
also an old oasis town (Fig. 6.20), with extensive date gardens and banana groves 
with aflaj water supplies, having a famous fort and surrounding wall. Nizwa is the 
regional capital and lies 40 km east of Bahla and 165 km south-east of Muscat 
(Masqat). It has large date gardens stretching for 8 km along Wadi al Abyad watered 
by 90 aflaj, the most important being Falaj Daris. The town of Adam is located some 
60 km south of Nizwa on Wadi Adam, and has mainly date gardens with water com- 
ing from aflaj. Manah is an old town 1 km SSE of Nizwa near Wadi Jahla with a large 
area of date and banana gardens. Birkhat al Mawz is an oasis village higher up on 
Wadi Jahla and has banana gardens as its name implies. Izki is another oasis town 
with date gardens based on aflaj on the upper Wadi Halfayn near the east end of 
Jabal Akhdar, where the road from Muscat comes through to the interior. Samad is 
an ancient oasis town with aflaj-watered date gardens some 40 km ESE of Izki, once 
centre of the ‘Samad Culture’ from 300 BC to AD 900. Al Mudaibi is an oasis on the 
interior plain 30 km south of Samad and also has date gardens watered by aflaj. 
Ibra, in Wadi al Bahta, and the nearby areas of Ad Dariz and Al Wafi, have 1,500 
hectare under cultivation, mainly by falaj systems. Al Mudairib is an oasis town on 
Wadi Aghda, close to the northern end of the Wahiba Sands, with areas of date cul- 
tivation based on aflaj. Al Mintirib lies on Wadi Batha, but is on the very northern 
edge of the Wahiba Sands. Despite this apparent disadvantage, it has four areas of 
date cultivation all due to falaj systems. Al Kamil is also situated on Wadi Batha and 
on the north-eastern edge of the Wahiba Sands with several areas of date gardens, 
both from aflaj and from hand dug wells up to 25 m deep. Four or five dunes occur 
in this area separated from the main body of the Ramlat al Wahibah. 
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Fig. 6.20 Bahla, an oasis town in interior Oman. View looking north from Bahla Fort 
across date gardens to the Oman Mountains or Al Hajar. (Photo by H. S. Edgell.) 


On the northern side of the Oman Mountains (Al Hajar), there are oases at Ar 
Rustaq, Al Awabi, Ali, Nakhl, Sama’il and Bidbid, as well as those high on the 
northern slope of Jabal Akhdar in villages like Balad Seet. 

Rostag (Ar Rustaq) is an oasis town 145 km west of Muscat with warm springs 
from Ain al Kasafa and with large date gardens based on aflaj. Al Awabi is situated 
high up on Wadi Bani Kharus and also has date gardens irrigated by falaj systems. 
The oasis town of Ali lies on Wadi Ma’awil at the foothills behind the Batinah coastal 
plain some 85 km west of Muscat and has date cultivation from aflaj. Six kilometres 
farther north at the foot of Jabal Nakhl lies the oasis town of Nakhl with date gardens 
based on falaj systems. It also has a nearby verdant spring known as AThuwarah, 
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which emerges into the wadi making a small oasis. Sama’il (Semail) is located beside 
Wadi Sama’il near the beginning of the Sama’il Gap allowing passage through Al 
Hajar from Muscat to the interior. It has date gardens extending for about 7 km along 
the wadi, all being irrigated by aflaj. The town of Bidbi lies at the junction of Wadi 
Sama’il and Wadi Manse a little over 50 km south-west of Muscat and has extensive 
date gardens irrigated by 190 aflaj. The oasis village of Balad Seet (Fig. 6.21), is situ- 
ated high in northern escarpment of Jabal Akhdar near the headwaters of Wadi Bani 
Auf and has 10 springs coming mainly from highly permeable, 1,000 m thick, car- 
bonates of the Permian Akhdar Group, which rests on impermeable claystones of the 
Precambrian Muaydin Formation with discharges of from 580 m?/d to 760 m?/d 
(Weier et al., 2002). In addition, 63 m?/d are extracted from 14 wells and channel 
system irrigation is used to irrigate terraced date gardens and alfalfa fields. 

Those familiar with the Batinah may remark that the towns of Shinas, Liwa, 
Sohar, Saham al Khaboura, As Suwayq, Al Masana’a and Barka should also be 
included, as all are on the coastline of the Batinah, with very large, adjacent, date 
gardens irrigated by falaj systems and by shallow wells. 

On the north-eastern coast of Oman, Wadi Tiwi is deeply incised in the eastern 
end of al Hajar ash Shaqi and has a perennial flow with date gardens along~9 km 
forming a distinctive oasis ending near the coastal town of Tiwi (Korn et al., 2004). 


6.6.4 Oases of southern Oman (Dhofar) 


The narrow coastal plain, and especially the mountain hinterland of the south- 
ern province or governorate of Dhofar receive an unusual amount of summer 





Fig.6.21 Balad Seet, a mountain village in Jabal Akhdar in the higher parts of the Oman 
Mountains or Al Hajar al Gharbi. (Photo reproduced by kind permission of A. Buerkert) 
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rainfall due to the Kharif or South-West Monsoon, which prevails from June until 
late September. The average annual rainfall on the plain is only 107 mm at 
Salalah, although it varies, with 510 mm being the greatest annual record. On 
Jabal Qara, the average annual rainfall is 200 mm and up to 500 mm in places. 
Jabal Samhan receives considerably less rain farther east and becomes quite arid 
towards Hasik, while Jabal Qamar to the west also receives less rain, except on 
scarps and terrace levels facing south-west. Oases result from the runoff, and 
from instances where the groundwater table intersects the surface. From east to 
west the oases of Dhofar are Andhur, Mugshin, Wadi Darbat, Hanun, Sahalnaut, 
Garzaz, Ain Arzat, Ain Sarit, Shisur and Ayun. Among these, Andhur, Hanun 
and Ayun are really waterholes on the northern side of the coastal ranges kept 
recharged by groundwater from the Umm er Radhuma aquifer. The same can be 
said for Shisur, 150 km inland, where the Dammam aquifer is exposed in a karst 
sinkhole providing a long-used waterhole (Figs. 6.22a and 6.22b), erroneously 
reported by Fiennes (1992) and Clapp (1998) to be the site of the ‘Lost City of 
Ubar’ (Edgell, 2004). 





(a) (b) 

Fig.6.22 (a) Shisur sinkhole in limestones of the Middle Eocene Dammam Formation 
in the najd of interior Dhofar, south Oman. Traces of an old wall can be seen around the 
sinkhole as it also the only waterhole for 100 km, and it exposes the Dammam aquifer. 
(RAF air photograph, 1959.) (b) Shisur sinkhole looking north-west down the partly in- 
filled sand slope to the water in the Dammam aquifer in 1955. Geologists are Hal Knudsen 
and Bill Shellenberger. (Photo by H. S. Edgell.) 
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Mugshin, sometimes called Al ‘Ain, has a brackish spring and wooded area at 
the end of Wadi Mugshin before it disappears beneath 180 m high red sand dunes 
of the southern Rub‘ al Khali borderlands. ‘Ain Arzat is a spring from the south 
side of Jabal Qara with a flow of 44,037 m?/d (Edgell, 2000). It emanates from 
Wadi Arzat forming a large pool called Mulwah al ‘Aud, and is led out by channel 
to the gardens of Ma’amourah and Hamran, which are the real oases. Sahalnaut 
(Sarnut) spring 26 km north-east of Salalah with a flow rate of 7,340 m3/d is 
also channeled across the coastal plain for irrigation and Garzaz spring with a 
flow of 3,058 m?/d is channelled for use in Salalah, the alternate capital of 
Oman. Ain Sarit is a permanent freshwater pool at the foot of the west Jabal Qara 
trapped by a major downfault, where uplifted Precambrian sediments abut 
against Oligocene limestone. The most impressive oasis is at Wadi Darbat, where 
a freshwater lake 3 km long and 20 m wide has formed behind a huge travertine 
barrage, which has built up a 130 m high cliff, blocking the lake. This cliff is 
known as Dahaq Thuari and forms a waterfall during the Kharif. 


6.6.5 Oases of southern Yemen 


Almost all the towns of Wadi Hadramawt are oasis towns, due to the presence of 
shallow groundwater in the Quaternary alluvium, filling this large west-east 
draining wadi. Groundwater from the Paleocene and Eocene limestones sur- 
rounding Wadi Hadramawt and its tributaries also contribute to the groundwa- 
ter in the Quaternary valley alluvium, as well as some water from aflaj (qanawat 
rayy) and from check dams on side widyan. The principal oasis towns of the 240 km 
long Wadi Hadramawt are Shibam (Fig. 6.23), Sayun (Saiwun) (Fig. 6.12a), and 
Tarim each with their own nearby gardens, but there are many smaller towns 
with irrigated fields, such as Al Qatn and ‘Ainat, as well as those inside widyan, 
like Haura and Hajarain in Wadi Du’an. 

The average annual rainfall in Wadi Hadramawt itself is low and Sayun has an 
annual rainfall of only 17.1 mm. In the Mahra country of eastern south Yemen, 
there are also small oases at Qishn on Wadi Ghabari and at the new provincial 
capital of Al Ghaydah on Wadi al Jiz’. 


6.6.6 Oases of northern Yemen 


The highlands of the northern part of Yemen mostly receive a good annual rain- 
fall in excess of 200 mm and up to 550 mm, so these fertile highlands with many 
terraced fields are not deserts. In the north-eastern interior, however, the average 
annual rainfall falls below 100 mm, areas such as Ma’rib (annual rainfall 27.8 
mm), were oases with over 9,000 hectares of irrigated gardens in the past, due to 
the famous Ma’rib Dam on Wadi Adahnah,, (Fig. 6.24). It was originally built as 
an earth dam in 750 BC. With the construction of a new Ma’rib Dam in 1986, 
10,000 hectare are now irrigated to make a new man-made oasis. 
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Fig. 6.23 View of Shibam, southern Yemen looking north. This unusual city in eastern 
Wadi Hadramawt has multi-storied buildings. The arid desert climate preserves the largely 
mud brick houses. Cliffs in the background are Lower Tertiary limestones of the Umm er 
Radhuma Formation and lower slopes are sandstones and siltstones of the Cretaceous 
Tawilah Group. (Photo courtesy of ‘Yemen Times’.) 


The Red Sea coastal plain or Tihamat al Yemen also receives only a low annual 
rainfall of 50-100mm. This area relies on spate irrigation from major widyan 
descending from the Yemen highlands to the Red Sea, and farmers construct tem- 
porary barrages to catch floodwaters, which are then diverted for irrigation. Wadi 
Zabid supplies fields by spate irrigation around the town of Zabid claimed as, the 
birthplace of Algebra (Al Jabr). to create a virtual oasis. In all of Yemen, there are 
no freshwater lakes. One of the few natural bodies of permanent freshwater in 
Yemen is in Wadi Surdud, which has large deep pools (15°13’N; 43°20’E), where 
it cuts through the Red Sea escarpment. 


6.6.7 Oases of Jordan 


Azraq Oasis is situated in the north-eastern interior desert of Jordan near the town 
of Qeisiyeh within a large internal drainage basin covering 12,710 km?, fed by 
widyan, such as Wadi Asekim, W. Ghadaf, W. Hassan, W. Jesha, W. Rajil and 
W. Shaumari. Average annual rainfall in this endorheic basin is 87 mm, and the 
mean annual evapotranspiration is estimated at 2,000 mm. There are a series of 
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Fig. 6.24 View of part of the remarkably well-built wall of the ancient Ma’rib Dam on 
the western margin of the Ramlat as Sab’atayn in Yemen. (Photo by H. S. Edgell.) 


fresh to brackish pools partly supplied by springs and a qa‘ or claypan, known as Qa‘ 
al Azraq (Figs. 15.3a and 15.3b), formed by thick, lacustrine clays with some cal- 
crete, which is flooded by runoff seasonally in winter and spring and also con- 
tributed to by springwater from Shishan on the west side. The ancient Nabataean 
city of Petra, 304 km SSW of Amman, may also be considered an oasis, although it 
was more of a stronghold in the deep gorges of Wadi Musa and its tributaries, which 
are cut into reddish Cambrian sandstones as seen in the Siq entering Petra 
(Fig. 6.25). It has the fresh flowing spring of Ain Singh, which goes through another 
deep, narrow gorge to Wadi Araba. 

Ghadir Burqu (Lat. 32°38’N; Long. 37°57’E) lies in the Eastern Desert 200 km 
ENE of Amman. It is a natural freshwater lake 200 hectare in area and largely 
spring fed. A flint-covered hamadah occurs to the east and basaltic harrat to the 
west. This is a real oasis for surrounding Bedouin, who rely on it as a source of 
water for themselves and their livestock. 


6.7 ENDORHEIC DRAINAGE AND WATER BODIES 


Internal or endorheic drainage basins are characteristic of desert regions, where 
rainfall is generally insufficient to allow watercourses to reach the sea. Arabia has 
a great many such closed drainage basins, and after unusual rainfall water may 
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Fig. 6.25 View of the entrance to Petra through the narrow Siq of Wadi Musa. This 
ancient city lies in the desert plateau of south-western Jordan in gorges in the Cambrian 
Siq Sandstone and is a type of oasis founded by careful use of water runoff. The Khazineh, 
an impressive tomb at the entrance to the old Nabataean city of Petra can be seen as one 
leaves the narrow Siq and enters Petra. (Photo by H. S. Edgell.) 


accumulate at the lowest point in these basins. The accumulated water bodies 
may be classed as either: (1) ephemeral or (2) permanent, and may also be con- 
sidered as freshwater, saline or hyper-saline. 


6.7.1 Ephemeral water bodies 


There are so many ephemeral water bodies in the deserts of Arabia that only a 
few examples are given. Most are discussed in sections on continental sabkhah 
and on claypans, which are called, qa‘, khabra’ or faydah. 


6.7.1.1 Qa‘al Jafr (Jordan) 


Qa‘ al Jafr is located in south-eastern Jordan at the centre of an internal drainage 
basin 160 km wide and 100 km long from north to south. It is large, seasonal 
saline lake, which floods in good rainfall years, often remaining wet for a few 
months. The actual qa‘ occupies 35,000 hectare (Scott, 1995), forming seasonal 
salt marshes and dries to bare, saline mudflats or continental sabkhah with 
gypsum bands and celestite (Fig. 14.11). 
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6.7.1.2 Sabkhah Muh (Syria) 


This is a continental sabkhah south and south-east of Tadmur (Palmyra). It is 
25 km long and 10 km wide and lies in an enclosed basin with surrounding hills 
of limestone and marl. The saline lake occupies 20,000 hectare, but is dry in 
summer when it reverts to a salty sabkhah (Figs. 15.13 and 15.14). 


6.7.1.3 Dutmat al Jandal (Saudi Arabia) 


A 2,500 hectare area of marsh occurs immediately east of Dūmat al Jandal 
(29°48’N; 39°53’B), slightly east of Al Jawf in northern Saudi Arabia. It was a 
900-hectare lake until 1984, when it was drained for agricultural land. Dumat al 
Jandal is an ancient town (Adumatu) lying in an internal drainage basin which is 
now an ephemeral water feature. 


6.7.1.4 Wadi as Sirhan (Saudi Arabia) 


There is a large, oval, NW-SE trending depression up to 300 m below the sur- 
rounding plateau drained by Wadi as Sirhan (Fig. 6.26). 

A series of ephemeral streams or widyan, like Wadi Jalan, drain north-eastern 
from eastern Jordan into an enclosed drainage basin with basalts of the Harrat 
ash Shamah on the north-eastern side. 


6.7.1.5 ‘Uruq al Mu’taridah-’Urugq ash Shaybah (Saudi Arabia) 


In one of the more arid parts of the Rub‘ al Khali Desert, pools of freshwater may 
form after winter rains in the shuquq, or interdune corridors of the ‘Uruq al 
Mu'taridah (20°42’N; 54°42’E), and the adjoining ‘Uruq ash Shaybah. They 
appear to emanate from the bases of giant megabarchans and megabarchanoid 





Fig. 6.26 SPOT image of the central part of Wadi as Sirhan seen as a sinuous water- 
course extending from top middle to the lower right corner. Width of image is 40 km. (Image 
courtesy of © CNES/SPOT Image 1992-1994.) 
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ridges up to 230 m high, where freshwater percolating through these dunes 
meets the less permeable sandy to clayey sabkhah, which is filled with saline 
water. Pools of freshwater appear near the bases of these giant dunes in winter, 
also marked by lines of vegetation (Fig. 6.27), since freshwater floats on saltwa- 
ter. These freshwater pools are quite ephemeral. 


6.7.2 Permanent water bodies 


The only natural, permanent water body of any size in the deserts of Arabia is the 
Dead Sea (Figs. 6.3 and 15.9), with the exception of the few permanent waterco 
urses and pools already discussed. Situated in a rift valley bordered by high scarps, 
the Dead Sea is a completely enclosed sea some 415 m below sea level, being 75 km 
long and 6-16 km wide. The inflow of water from the Jordan River and tributaries is 
about 0.6 x 10~ m?/year having greatly declined by water use by Israel and 
Jordan. Evaporation from the Dead Sea is 1,500-1,600 mm/year, and its waters 
are hyper-saline with 33% salinity. 





Fig.6.27 View of ashiqq or interdune and a megabarchanoid dune near Ash Shaybah. 
Note the line of vegetation due to seepage near dune base (centre to middle right). Bushes 
in the foreground are of the salt tolerant Zygophyllum comunity. (Photo by Shaybah road 
sand hazards evaluation group. Al-Hinai et al., 1991.) 
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Arabian sand seas 


7.1 INTRODUCTION 


In this chapter, the four major sand deserts of Arabia, Ar Rub‘ al Khali, An Nafud, Al 
Jafurah and Ad Dahna, are discussed. These are all classed as sand seas. Information 
is given also on two smaller sand seas, the Ramlat as Sab’atayn and Ramlat al 
Wahibah (Wahiba Sands). 

Ar Rub‘ al Khali, in the southern part of Arabia, is the world’s largest continu- 
ous sand desert. It is linked by a relatively narrow north-south corridor of desert, 
known as Ad Dahna, to the extensive An Nafud Desert in northern Saudi Arabia. 
Altogether, these three connected sand deserts cover an area of 776,000 km?, 
virtually the size of France and Britain combined. Ar Rub‘ al Khali occupies a 
broad depression extending south—west from the coast of the United Arab 
Emirates to the Asir highlands. It contains large tracts of linear dunes, with indi- 
vidual dunes often being over 200 km long, as well as areas of barchans, 
barchanoid ridges and megabarchans, some of the latter being up to 230 m high. 
There are also extensive areas of sand sheet. An Nafud, or the Great Nafud, is a 
57,000 km? sand sea occupying an oval depression 290 km long and up to 225 
km wide, lying north of the Arabian Shield. It contains transverse dunes and 
barchanoid ridges in the west and linear dunes up to 90 m high in the north and 
east, while its sands are reddish. Ad Dahna is a narrow curvilinear belt of desert 
24-81 km wide. It consists of large, linear sand dunes, or ‘uruq, and gravel plains 
stretching 1,287 km from the eastern An Nafud to the northern Rub‘ al Khali. Al 
Jafurah Desert, lies south of the Gulf of Bahrain and comprises mostly transverse 
dunes, such as barchans and barchanoid ridges, as well as parabolic and dome 
dunes, and sand sheets. 

There are four major sand seas, or large areas of extensive dunefields, in Arabia 
and two smaller sand seas. The four larger sand seas consist of Ar Rub‘ al Khali 
Desert, An Nafud, sometimes called the Great Nafud, Ad Dahna and Al Jafurah 
Desert. Two smaller sand seas are the Ramlat as Sab’atayn and the Ramlat al 
Wahibah (Wahiba Sands). The limit for the size of sand seas has been placed as 
12,000 km? as adopted by Wilson (1972) in his table of world sand seas (Fig. 7.1). 
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No. Name Area A‘ SC* BO? No. Name Area  A* SC? BOF 
(km’) (km?) 
North Africa 31. Ramlat Wahibah 16000 L m 
1. Abu Moharik L 32. Ramlat Sabatayn 14000 L 
2. Great Sand Sea 105000 L m 33. Al Nefud 72000 L Q m 
3. Sudanese Qoz 240000 F m 34. ‘Nafud complex’ 25000 L (®] m 
4. Erg Rebiana 65000 L Asia 
ena, ead Q m 35 Thal Desert 18000 F 
ati Teg 36. Thar Desert 214000 F 
7. Edeyen Ubari 62000 L m 37. Ryn Peski 24000 L 
8. Issaouane-N-Irarraren 38500 L QO m 38. Peski Kara-Kum 380000 L 
9. Erg Oriental 192000 L O m 39. Peski Kyzyl-Kum 276000 L ii 
10. Erg Occidental 103000 L O m : TOD m 
IL Er k 40. Peski Priaraiskye 56000 L m 
. Erg er Raoui 11000 Ł 0 m 4]. Peski M k 8 
12. Erg Iguidi 68000 L O m Resi Muyünkurm ae aes im 
42. Peski Sary Isnikotrav 65000 L m 
13. Erg Chech-Adrar 319000 L =O m 43. Peski Dzosotin 47000 L 
14. North Mauretanian Erg 85000 L (0) m 4 4. Takla Makan 247000 L 
15. South Mauretanian Erg 65000 F Q m ; 
, 45. East Takla Makan 14000 L 
16. Trarza and Cayor Erg 57000 F m 46. South Ala Shan 65000 L 
17. ae 206000 L/F O m 47. North Ala Shan 44000 L 
18. El Mréyé 63000 L Q nä 48. South-east Ala Shan 14000 L 
49. East Ala Shan 12000 L 
19. Erg Tombuctou 66000 L o m 50. West Ala Shan 27000 L 
20. Erg Azouad 69000 F O m By Odoo 170007 L 
21. Erg Gourma 43000 F O m 52 ‘Peski Lop Nor 18000 L 
22. West Azouak 35000 F (8) m 
23. East Azouak 34000 L/F O m Australia 
24. Erg Bilma/Ténéré 155000 L Q d 53. Victoria Desert 300000 F d 
25. Erg Foch 13000 L oO d 54. Great Sandy— 630000 F d 
26. Erg Djourab 45000 L (0) d Gibson Desert 
27. Erg Kanem 294000 F m 55. Simpson Desert 300000 L/F md 
Arabia 56. ‘Northern Desert” 81000 F d 
28. Rub al Khali 560000 L Q m South Africa 
29. Al Dahana 51000 L (0) m 57. Namib Desert 32000 L m 
30. Al Jafura 57000 L m 58. Kalahari Desert F 





Gaps in the table are due to absence of data. 

* Activity: L = active erg; F = fixed erg. 

* Sand-cover: O = open 20-80%; Q = quasi-closed 80-100%. 

*Bedform order: m = mega-dunes predominant; d = dunes predominant; md = dunes predominant, some mega-dunes. 


Fig. 7.1 World sand seas larger than 12,000 km? (Reprinted from “Sedimentology” 


v.19, Wilson, I.G. Aeolian bedforms — their development and origins, 173-219, 1972, 
with permission of Elsevier). 


A lower size limit of 3,000 km has been suggested by Cooke et al., (1993) based 
on an inflexion point in the size by area of major sand seas in the world. Fryberger 
and Ahlbrandt (1979) stated that sand seas should show evidence of long dis- 
tance transport by having borders, sand dunes and sand sheets. They should 
extend for hundreds of kilometres aligned with present-day drift resultants, with 
aeolian sand bodies crossing drainage and hills, and the occurrence of large sand 
bodies where concentration was only possible by wind. 


7.2 AR RUB‘ AL KHALI SAND SEA 


Ar Rub‘ al Khali is literally The Empty Quarter, or ar-rimal as it is known to 
Bedouin Arabs and to Arab geographers, and occupies most of southern Arabia. 
The term ‘ar-Rab’ al-Khali’ meaning an empty area, was introduced by the Swiss 
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geographer Burckhardt in his 1829 book “Travels in Arabia”, and is also used by 
Doughty (1888), who calls it ‘Rob’a el-Khaly’. Doughty quotes an Arab explana- 
tion that “Two quarters divided God to the children of Adam, the third he gave to 
Ajuj and Majuj (Gog and Magog), the fourth part of the world is called Rob’a el- 
Khaly, the empty quarter” and adds “by this commonly they imagine the great 
middle—east of the Arabian Peninsula; which they believe to be void of the breath 
of life!” Burckhardt’s (1829) term has been emended and is now Ar Rub‘ al Khali, 
although some etymologists claim it should be al-Rub‘ al-Khali. Once an Arabic 
word is no longer written in that language, it can be written in English either as 
it sounds (the usage here), or transliterated letter by letter, although the spelling 
used here follows the rules of the PCGN (Permanent Committee for Geographic 
Names) for Arabic place names. Both Philby (1933a) and Dickson (1956) com- 
ment that “The word Rub‘ al Khali ...was a townsman’s expression, and the 
Badawin did not know the name.” In the early 1950s, the writer was surprised to 
find local Bedouin in interior Oman were not aware of the name Ar Rub‘ al Khali, 
but referred to this great sand sea as ar-rimal, or ar-ramla. This giant sand sea, 
the world’s biggest continuous sand desert, covering an area of 522,340 km? 
comprises huge, linear dunes called ‘uruq (singular ‘irq, Arabic for vein; diminu- 
tive ‘urayq), and several types of giant transverse dunes, including spectacular 
megabarchans and megabarchanoid ridges, which stand as much as 230 m 
above the adjoining interdunes (shuquq). Previous estimates of the size of this 
desert given by Breed et al., (1979) and by Edgell (1989a) as 660,000 km? 
include large areas of gravel deposits, which also lie within the Rub‘ al Khali 
Basin, and are part of the Rub‘ al Khali Desert in a broad sense. The area occupied 
by interdunes is greater than the more impressive dunes, and there are also con- 
siderable areas of sand sheet. Ar Rub‘ al Khali Desert lies in a structural depres- 
sion, or sedimentary basin. This is the Rub‘ al Khali Basin, an embayment with a 
structural axis trending from north-east to south-west and bordered on the 
north-west and west by the arched up Arabian Shield, while being bordered on 
the south and south-east by the Hadramawt-Dhofar Arch (Fig. 7.2). The north- 
ern end of the Rub‘ al Khali Basin opens into the Persian Gulf through the UAE, 
although it is constrained on the north-east by the great arc of the Oman 
Mountains (Al Hajar) and towards the north-west by the Eastern Interior 
Homocline and the Qatar Arch. 

In outline, the Quaternary Rub‘ al Khali Desert closely follows the borders of the 
underlying sedimentary basin, except that it is also limited on the north—west by 
the outer edge of the resistant scarps of the Eastern Interior Homocline (Fig. 7.3). 

The topography of the Rub‘ al Khali (Fig. 7.4) rises gradually towards the 
south—west from less than 50 m in the UAE to over 900 m near the eastern edge 
of the Asir Plateau, except for an internal depression below 100 m in NE Saudi 
Arabia and interior Oman. McClure (1978, Figure 83) has given a very simplified 
topographic map with almost all contours parallel, and the map (Fig. 7.4) 
attempts to provide a realistic view. 

There are few outcrops of underlying sedimentary strata within Ar Rub‘ al 
Khali, except in the south-west where the Jurassic scarps of Bani Khatmah—Al 
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Fig. 7.2 Tectonic framework of the Rub‘ al Khali Basin, or Embayment (After Edgell 
1989a). 





Fig. 7.3 Geological map of Ar Rub‘ al Khali Desert and surrounding areas. Ar sands of this 
desert appear here as light grey. (After Edgell 2004.) (See CD for colour version.) 
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Fig. 7.4 Topographical map of Ar Rub‘ al Khali Desert. Contours are in metres. The border 
of the Rub‘ al Khali is marked by a dashed line. (Map constructed from raw elevation data). 


Munbatih and a low Cretaceous scarp of Jaladah interrupt the ‘uruq, and around 
Umm as Samim, where some dunes rest on Miocene sediments, while other dunes 
to the east rest on limestones of the Eocene Dammam Formation. In the 
south—western and western Rub‘ al Khali, Miocene calcareous sandstones are 
exposed rarely in the shuquq, or interdunes, and sandstones and pebbly con- 
glomerate are found between dunes in north-western Dhofar. The high Al Arid 
Jurassic scarp has partly contained the west-south-west march of the great linear 
dunes of the Rub‘ al Khali, with some linear dunes to its west, although a gap to 
the south between Al Arid scarp and that of Bani Khatmah has allowed a dune- 
field to form to the south-west known as Al Mundafan. Many place names within 
the Rub‘ al Khali Desert referred in the text are shown on a locality map (Fig. 7.5). 

Types of dunes found within the Rub‘ al Khali can be basically described as lin- 
ear dunes, transverse dunes and solitary dunes. The sands in most of the Rub‘ al 
Khali are predominantly siliceous and up to 90% quartz with the rest mainly 
feldspar. They are light yellow to reddish yellow, being redder in the east, the red- 
dish colour being due to a fine coating of ferric oxide on grain surfaces. Dunes of 
the northern Rub‘ al Khali, within 100 km of the Persian Gulf, are predominantly 
calcareous reflecting their origin from eroded carbonates of the Zagros Ranges. 
Linear dunes include giant ‘uruq commonly up to 152 m high, as in the ‘Uruq 
Bani Ma’arid (Fig. 7.7), with individual dunes often extending for over 200 km and 
a few are up to 500 km long. ‘Uruq (‘draa’ of Wilson, 1973) are the most frequent 
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Fig. 7.5 Locality map for the Rub‘ al Khali Desert and adjacent areas. 


type of sand dune in the Rub‘ al Khali, especially in the south-western 
(Fig. 7.6) and central parts of the desert and along it southern border covering 
188,900 km2, or 28.8% of the entire desert, including the shuquq between them. 

These dunes are commonly one and sometimes over three kilometres wide, being 
so large that they carry small seif dunes on their surfaces (Fig. 7.7), and sometimes 
barchans, which may be 500 m wide. The striking regularity of dune spacing of 
‘uruq in many parts of the Rub‘ al Khali is shown in Fig. 7.6 and 7.8. 
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Fig. 7.6 ‘Uruq of the south—western Rub‘ al Khali showing their remarkably uniform spac- 
ing and great length due to the Taylor-Couette Effect and the Shamal. There are some 70 giant 
linear dunes in this oblique Gemini space photo. The northern border of the Hadramawt is in 
the bottom right corner. Image width is 120 km. (Image courtesy of the Image Analysis 
Laboratory, NASA Johnson Space Center.) 


Many ‘uruq are sharp crested with the crest rarely medial, but often asymmet- 
rical with a slip face on one side, and the crest line may change from one side to the 
other with variations in the prevailing wind. In addition, zibar occur tangentially 
along the flanks of many ‘uruq in the south-western and western Rub‘ al Khali, 
as seen in the “Uruq Bani Ma’arid (Fig. 7.9) and the Nafud ad Dahi. Zibar are also 
found in the dunes of the eastern UAE. They are interpreted by Holm (1960) as 
being residual from crescentic dunes, have no slip faces, are spaced 100-125 m 
apart, and have the fine-grained sand removed by deflation forming hard ground. 

Although the remarkable uniformity of dune spacing in many ‘uruq of the 
Rub‘ al Khali has been emphasized, it should be added that there are many differ- 
ent types of these long linear dunes, or ‘uruq, within this desert. The differences 
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Fig. 7.7 ‘Uruq, or large linear dunes in the Shaqqat al Kharitah, south-western Rub‘ al 
Khali. Each dune is from 0.75 km to 1 km wide and 50-60 m high. Interdunes, or shuqugq, 
are typically 3 to 4 km wide. Note the chevron pattern of small, linear, seif dunes on the 
‘uruq and the pattern of zibar here mostly on the south-eastern side of the interdunes. 
Image width is 25 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/ 
mrsid.pl). 





Fig. 7.8 Uniformly spaced, large, linear dunes, or ‘uruq, of the ‘Uruq, al Muwarid in the 
south central Rub‘ al Khali. These dunes extend for hundreds of kilometres. Image width 
is 58 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 7.9  ‘Urugq, or giant linear dunes of the ‘Uruq Bani Ma’arid, in the west south— 
western Rub‘ al Khali. Dune heights range from 80 m up to 160 m. Note the numerous 
somewhat tangential zibar on the flanks of the ‘uruq. Image is 12 km wide centred at lat. 
19.6°N; long. 45.8°E. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 


are not just in height and spacing, but in their asymmetry and particularly in the 
nature of the secondary dunes on their surfaces. These secondary dunes may be 
seif dunes, generally oblique to the dune length, or small sigmoidal dunes, rarely 
small barchans, and sometimes small dome dunes on top of ‘uruq. Crests of 
‘uruq are rarely level, but tend to rise and fall along their length as seen in Fig. 
7.10 from the south-western Rub‘ al Khali. 

Some ‘uruq have relatively level crests as shown in a view looking across the 
large linear dunes of ‘Urugq al Awarik (Fig. 7.11). 

Areas of quite different ‘uruq often occur in juxtaposition, as where apparently 
younger, closely spaced ‘uruq of the “Uruq al Awarik truncate more widely 
spaced, larger dunes of the ‘Uruq al Qa’amiyat. This truncation of one type of 
‘uruq by another is seen at 18° 40’ N, 47° 20’ E, and is shown on satellite imagery 
(Figs. 7.12, 11.8). It provides evidence of the presence of dune areas of different 
ages within the Rub‘ al Khali. 

Dimensions of these large linear dunes, or ‘uruq, of the Rub‘ al Khali are: 
(1) height from 20-160 m, (2) dune width 0.2-1.5 km, and (3) spacing 0.5-3.5. 

The area covered by zibar can only be roughly estimated, but is probably sev- 
eral times that covered by ‘uruq, being found in 75% of the ‘uruq of the Rub‘ al 
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Fig. 7.10 View of the irregular crest of an ‘irq in the SW Rub‘ al Khali 128 km WSW of 
Ash Sharawrah (Photo credit C. Irvine and K. Long). 





Fig. 7.11 View of ‘uruq with relatively level crest lines in southern “Uruq al Awarik 
looking NW across dune crests. (Photo credit E. Mandaville, “Saudi Aramco 
World”/PADIA). 
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Fig. 7.12 Smaller, 20 m high, closer spaced ‘uruq of the “Uruq al Awarik (top left) trun- 
cating and overriding large, 50 to 80 m high, widely spaced ‘uruq of the “Uruq al 
Qa’amiyat (lower right) in the south-western Rub‘ al Khali. Image width is 55 km lat. 
18.62° N; long. 47.32° E. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 


Khali and in major parts of As Sanam and Al Munajjar in the northern desert. 
Simple linear dunes also occur commonly in the north-central part of the desert, 
as well as in Al Mirhad area just east of Sabkhat Matti. These dunes are long and, 
narrow standing from 5 to 30 m above the plain and without zibar dunes, while 
they are spaced about 1.5 km apart with relatively wide intervening interdune 
corridors, or shuquq. Linear dunes of this type are from 5 to 20 km long in the 
north-central desert and trend NNE, often being spaced almost en echelon allow- 
ing gaps of 2-7 km between them. Those in Al Mirhad area are generally smaller 
mostly being 3—6 km long. The total area covered by simple linear dunes is esti- 
mated to be 61,600 km, or 9.4% of the Rub‘ al Khali. Plumate dunes, also called 
feather dunes (Edgell, 1989a) are another category of linear dunes and seem to 
occur when the sand supply is insufficient, and numerous slightly divergent 
dunes, or small crescentic dunes, coalesce downwind into a single dune ridge, as 
seen in Ash Shuqqan area from 140 to 250 km south of Jabrin. They are 10-60 km 
long and cover 7,500 km?, or 1.14% of the Rub‘ al Khali. Hooked dunes (Holm, 
1960), also referred to as fishhook dunes (Edgell, 1989a), have one or several 
curved, crescentic, initial parts giving way downwind southward to a straight 
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shaft up to 10 km long and 20-60 m high, as seen in Al Hibak area of the 
eastern Rub‘ al Khali. Dunes of the hooked type are due to variable wind directions 
from the north, north-east and south-east, occurring over an area of 2,400 km? 
in this desert. Linear belts of pyramidal dunes are another type of linear dunes 
found between 53° E and 54° F, in the south-eastern Rub‘ al Khali of north-western 
Dhofar. These pyramidal dunes are 50-150 m high, between 0.5 and 1.5 km in 
diameter and cover about 1,400 km?, being arranged in lines both from NNE-SSW 
due to the Kharif and from ENE-WSW due to the winter North-West Monsoon. 
The highest dunes of the Rub‘ al Khali are the megabarchans standing commonly 
over 120 m, and up to 230 m, above interdune corridors, covering a large area of 
the eastern desert, especially around ‘Uruq al Mu’taridah and ‘Uruq ash Shaybah. 
They take the form of giant crescents with huge slip faces on their southern or 
south-eastern sides and are from 2 to 4 km across, being so large that numerous 
barchans or barchanoid ridges have developed on their windward slopes. These 
megabarchans are often linked to form megabarchanoid ridges, being among the 
highest dunes in the world and some of the oldest dunes in Arabia, which began 
forming in the Pleistocene. They have been quite stable dunes for the last 2,000 
years, largely because of their huge size, proximity to the groundwater table, and 
their occurrence in a topographic low known as the Mu’taridah Depression, 
which is as low as 60 m above mean sea level in the north-eastern ‘Uruq al 
Mu’ taridah. The interdune corridors (shuquq) separating them often consist of 
continental sabkhah and are from 1 to 5 km wide. Some freshwater seeps out of 
the base of the bigger megabarchans and floats on the saline sabkhah water giving 
rise to occasional winter pools and vegetation along dune bases (Fig. 6.27). These 
megabarchans occupy an area of approximately 38,000 km, or almost 6% of the 
area of the Rub‘ al Khali Desert. Complex barchanoid dune ridges also occur in the 
northern Rub‘ al Khali, especially in the southern UAE where they form a great arc- 
shaped dunefield, concave southward, in Al Liwa’ (Al Jiwa) area. These barchanoid 
dunes ridges are each a series of large, linked barchans, being up to 100 m high and 
with 30° slip faces towards the south. There are at least 70 barchanoid dune ridges 
from NW-SE in Al Liwa’ area, which are slowly advancing south—eastward and 
encroaching upon the older megabarchans (Fig. 7.13). 

The area of barchanoid dune ridges in the Rub‘ al Khali is estimated to be 
3,500 km2, or slightly more than 0.5% of this desert. Small barchanoid dune 
ridges also occur on the southern fringe of the Rub‘ al Khali, as near the mouth of 
Wadi Hazar in the Ramlat Hazar, where dome dunes are also found. Barchans, or 
isolated crescentic sand dunes with their horns directed downwind, are relatively 
common in the Rub‘ al Khali as secondary features on the stoss slopes of ‘uruq as 
in ‘Uruq al Muwarid, and on the stoss slopes of megabarchans in ‘Uruq ash Shaybah, 
and ‘Uruq al Mu’ taridah. Megabarchans occupy a large area of the eastern Rub‘ al 
Khali and are one of the most striking dune types of that desert commonly, rising 
to a height of 120-200 m above the shuqug , or interdunes, and even to 230 m. 
These megabarchans are now stable dunes commonly linked, so that they 
coalesce to form megabarchanoid ridges in many cases. They often have a network 
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Fig. 7.13 Barchanoid dune ridges of Al Liwa’ advancing on older giant megabarchans 
and megabarchanoid dunes. Image width 20 km centred at lat. 23.0° N; long. 53.2° E. 
(U. S. Geological Survey Aster VNIR image ID: AST_LIB.003:2019214017.) 


of smaller sigmoidal dunes, or smaller barchans and barchanoid dune ridges on 
their surfaces (Figs. 7.14a, 7.14b). 

Another type of dune is the so-called aklé dune (Aufrére, 1929), which are 
small, irregular, transverse dunes. Aklé dunes occur just south-east of Sabkhat 
Matti (Fig. 9.7), where they cover 1,200 km? together with low barchanoid dune 
ridges. 

Giant pyramidal dunes (Aufrére, 1931), commonly called star dunes, are from 
60 to 180 m high and are up to 2 km in diameter, generally 1—2 km in diameter, 
and are found in the eastern Rub‘ al Khali, as in the Al Ghanim sands (Figs. 9.34 
and 9.35a, b). Star dunes as high as 300 m are indicated by Powers et al., (1966), 
but a detailed search showed none above 200 m. These large solitary dunes form 
by the convergence of several dune ridges where winds beat about the compass, 
and they become relatively stable. Holm (1960) states that they are common in 
the Rub‘ al Khali, but they seem to occur in the eastern part of that desert in an 
area of about 1,100 km?, which mostly consists of the surrounding interdune 
areas. Dome dunes occur even less commonly in the Rub‘ al Khali, being 1-2 km 
in diameter and about 50—100 m high. Many dune ridges branch out from dome 
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Fig. 7.14a Rows of laterally linked megabarchans standing 120-180 m above the inter- 
vening sabkhah-surfaced interdunes in ‘Uruq ash Shaybah, north-eastern Rub‘ al Khali. 
Note the small barchans on their surfaces (lower left centre) and, more commonly, a net- 
work of small sigmoidal dunes and barchanoid dune ridges. Image width is 22 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





(b) 


Fig. 7.14b Small barchanoid dune ridges, 4—5 m high, developed on the windward side 
of a large megabarchan in the ‘Uruq ash Shaybah by secondary easterly winds. (Photo from 
Saudi Arabian Oil Company Shaybah Calendar for 2002.) 
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dunes and their surfaces are often covered by small barchanoid dune ridges, or 
even a honeycomb pattern of small sigmoidal dune ridges. They are found in the 
Ramlat Umm Gharib (latitude 18° 15’ N; longitude 49° 30’ E) on the southern 
margin of the Rub‘ al Khali, within an area of approximately 470 km?, and also 
in a small area (450 km?) of Ramlat al Ghanim in the easternmost part of the 
desert. Dunes on the southern border of the Rub‘ al Khali trend ENE-WSW, as 
long parallel ‘uruq, or dune ridges, commonly 150 m high separated by relatively 
narrow interdune corridors, or shuquq, with surfaces of gravel, gypcrete, or silty 
sand. Slip faces of dunes face mostly south in the area north of the Hadramawt 
Arch (Bunker, 1953), although farther east in northern Dhofar slip faces more 
commonly face northward. A map by Bagnold (1951a) shows the direction of slip 
faces in many parts of the Rub‘ al Khali based on the observations of Thesiger 
(1946, 1948, and 1949) and gives indirect information on the directions of pre- 
vailing winds. In the area near where Wadi Hazar debouches into the southern 
Rub‘ al Khali from the northern Hadramawt, there is an area of smaller dune mas- 
sifs; commonly dome dunes of about 500 m in diameter, and some ‘uruq with seif 
dunes on their surfaces to the north-west (Fig. 7.15). 





Fig. 7.15 Dome dunes in Ramlat Umm Gharib southern Rub‘ al Khali. The dome dunes 
have a pattern of short linear to reticulate seif dunes on their surfaces. Image width is 
8 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Dikakah, or vegetated dune areas, sometimes referred to as nabkha’ (or nabkha, 
nebkha), is found in small patches in many parts of the Rub‘ al Khali, but there is 
only one area of any size, and that lies south-south—west of Sabkhat Matti in 
Al Mahakik. This dikakah area consists of low sand hillocks anchored by vegetation, 
being devoid of any large dunes and extending south for 90 km with a width of 
20-30 km and having an area of 2,400 km2. Sand sheets are very extensive in 
the Rub‘ al Khali and cover wide areas of the north-western and northern desert 
as seen around Abu Bahr and in the Suhul az Zafrah near the Saudi/UAE border, 
as well as in Suhul al Kidan farther to the east. The percentage of Saudi deserts 
covered by sand sheets and sand streaks has been estimated by Fryberger and 
Goudie (1984) to be 23.24%. The actual percentage is probably higher as sand 
sheets and sand streaks occupy more than half of the area already attributed to 
various dune types, since the interdune spaces are generally wider than the dunes 
themselves and are mostly covered by sand sheets giving a percentage more like 
32% for sand sheets and sand streaks in the Rub‘ al Khali. An insight into the 
antiquity of the great dunes of this desert is provided by the presence of old Late 
Pleistocene lake bed deposits between ‘uruq (Fig. 7.16), especially in the 
south—western Rub‘ al Khali, first shown by Bramkamp et al., (1963) on geolog- 
ical mapping. These were investigated by McClure (1976, 1978 and 1984), who 
showed through radiocarbon dating that lakes and swamps had existed between 
the giant linear dunes (Figs. 7.17 and 15.7) mainly in a Late Pleistocene wetter 
interval from 32,140 + 850 to 21,090 + 420, with two extreme figures of 





Fig. 7.16 Late Pleistocene lake bed marl deposits, Al Mundafan area, south-western 
Rub‘ al Khali (Photo credit H. A. McClure, “Saudi Aramco World”/ PADIA.) 
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Fig. 7.17 Late Pleistocene lake bed deposits between dunes in the south—western Rub‘ 
al Khali. (Photo credit H. A. McClure “Saudi Aramco World” 1989/PADIA.) 


36,300 and 17,460 years BP, and again in an Early Holocene wet phase from 
9,605 to 5,890 years BP. A fauna with water buffalo (Bubalus), and Hippopotamus 
lived in these Late Pleistocene lakes (Fig. 7.18). Thus, these giant dunes were 
already established in the Late Pleistocene, or earlier, and in places modern active 
dunes can be seen to have encroached on the old lacustrine and paludal deposits. 
McClure (1978) recognized an older set of dunes resting on the surface of the Plio- 
Pleistocene alluvium and noted that these dunes had developed a palaeosol in 
places, with root structures interpreted as Early Holocene, on which a second set 
of younger dunes formed. Recent OSL dating of northern Rub‘ al Khali, Al Liwa’ 
dunes in the southern UAE, indicates their accumulation in arid intervals around 
141, 116, 40, 26, 12 and 6—4 ka (Lancaster et al., 2003). Although most of the 
immense dunes of this sand sea appear to have formed in the Late Pleistocene, or 
even earlier, evidence of dunes as old as 800 ka has been established in the west- 
ern UAE (Hadley, 1998). It should be borne in mind that the Rub‘ al Khali Desert 
is still a very active region of sand movement, and visits to dune areas months or 
years apart show that the shape of dunes is continually changing and the slip faces 
may have completely altered, or the crest line of a particular dune may have 
moved laterally. 

The distribution of different sand dune types, in the Rub‘ al Khali Desert and its 
surroundings from the author’s interpretation, is shown in Fig. 7.19. Zibar dunes 
are omitted from this map as they are small and present in about 75% of the large 
linear dunes (‘uruq, or draa), and large pyramidal dunes, commonly called star 
dunes, and are not separated from small pyramidal dunes. 





Fig. 7.18 Hippopotamus teeth from the Late Pleistocene lake beds of the south-western 
Ru b’ al Khali. (Photo credit M. S. Shabeeb “Saudi Aramco World” 1989/PADIA.) 
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Fig. 7.19 Dune type distribution in the Rub‘ al Khali Desert and surroundings. 
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Breed et al., (1979) made their own map of dune type distribution in the Rub‘ 
al Khali Desert based on satellite image interpretation. The unpublished map of 
sand distribution in the Arabian Peninsula (Fig. 9.37) of Holm (1961) should 
also be referred to, as it has already appeared in works by Fairbridge (1968, 
p. 977, Figure 3) and Al-Hinai (1990, Figure 1). 


7.3 AN NAFUD SAND SEA (THE GREAT NAFUD) 


The second largest sand sea in Arabia is An Nafud, or the Great Nafud (Fig. 7.20). 
In Arabic the term ‘nafud’ just means an area of sand dunes. The prefix ‘an’ spec- 
ifies that it is ‘The area of sand dunes,’ probably because of its large size and early 
knowledge in Arab history, whereas the Rub‘ al Khali was always somewhat 
remote and less traversed. Here, the term Great Nafud is frequently used to avoid 
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Fig. 7.20 Geological setting of An Nafud Desert, northern Saudi Arabia annotated with 
standard geological symbols. The detailed drainage is added to show that An Nafud has no 
drainage. (Constructed from data in Hearn et al 2003). 
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confusion with many other nafuds (strictly ‘anfad’ in the plural), such as Nafud 
as Sirr, Nafud ath Thuwayrat, Nafud Ghamis and Nafud ad Dahi. 

The Great Nafud occupies an area of 57,000 km? on the northern edge of the 
Arabian Shield to the east of the Tabuk Basin and south-east of the Tubayq 
Sandstone Plateau, and south of the Palaeozoic Jawf area, and west of the Widyan- 
Summan plateau area. To the south-east it grades into the ‘uruq of Ad Dahna sand 
sea and the ‘uruq of Nafud Mazhur. According to Whitney et al., (1983), An Nafud 
does not lie in a topographic depression, but overlies a plain that dips gently 
north-west. In fact, its surface dips east-north—east from about 900 m on the 
south-western edge to 657 m on ENE margin. An Nafud is, however, lower than the 
Arabian Shield to the south, and lower at 663-683 m on its northern border than 
the adjacent Palaeozoic and Cretaceous areas of Al Jawf-Sakaka arch to the north 
with altitudes of around 730 m, which largely accounts for its position as a lower 
corridor for strong westerly winds of the Khamsin, which blow through the Great 
Nafud from March to August transporting dust and large amounts of quartz sand. 
Mean annual rainfall in An Nafud is almost double that of most of the Rub‘ al 
Khali, and most areas receive from 80 to 90 mm/year, with parts in the south-west 
receiving 45-60 mm/year, but as low as 32 mm/year in the north—western arm. In 
general, rainfall increases eastward to from 99 to 104 mm/year on the eastern 
margin. An Nafud is situated in a region of relatively high wind energy with a mean 
annual wind speed above 3.5 m/s and reaching 17.5 m/s in April (Al-Ansari et al., 
1986). It is noted for violent winds. In the Late Pleistocene, when the major dunes 
were formed winds were very much stronger, although predominantly from the 
west or south-west. Extensive outcrops of Lower Palaeozoic sandstones to the 
north—west and west of the Great Nafud are considered the main source of its many 
large, siliceous, sand dunes and are swept clean of any dune sand. The Great Nafud 
lies mostly between elevations of 650 m and 900 m, rarely reaching 920 m on its 
south—western edge. There are frequent outcrops of the mostly underlying 
Palaeozoic strata (Tayma Group) in the western part of An Nafud Desert and of 
Lower Palaeozoic sandstones near its southern margin. Along the south-western 
edge of An Nafud, there are some exposures of Middle Miocene, white to yellow 
sandstones of the Afjar Formation, capped by hard ferruginous, or limestone layers 
forming cuestas (Vaslet et al., 1994).The western and south—western parts of the 
Great Nafud consist predominantly of numerous barchanoid dune ridges with an 
average spacing of 1.4 km. They mainly indicate the westerly wind direction when 
they were formed. The northern, central and north-eastern parts of this desert 
consist of broad linear dunes commonly 100 m high, which are not sharply crested 
as in the Rub‘ al Khali, and many have a series of east-facing, crescentic slip faces 
(Fig. 7.21), as illustrated by Holm (1960). 

The nature of these very numerous, regularly spaced, crescentic hollows facing 
east or east north-east is shown on good resolution satellite imagery for the north- 
central An Nafud (Fig. 7.22). The crescentic slip faces are mostly in interdunes and 
rarely on the ‘uruq themselves. This pattern suggests sand-filled interdunes, where 
longitudinal wind turbulence has caused crescentic hollows to be scalloped out at 
regular intervals. In the north-central and north-east An Nafud, surfaces of these 
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Fig. 7.21 Broad linear dunes of the central An Nafud bearing giant crescentic hollows 
and slip faces facing east. Photo looking north-west. (After Holm, 1960 reproduced by 
permission of ‘Science’, No.3437, Fig. 3, p.1373, photo credit Saudi Arabian Oil Company.) 


‘uruq are typically covered with a pattern of small linear dunes, from 3 to 10 of them 
across the top of each ‘irq. These major dunes are partially stabilized by vegetation 
(Fig. 7.23) on their east—facing slip faces. These crescentic hollows were noted by 
Blunt (1881), who called them fuljes, and noted that they all faced west with 
“great horse-hoof hollows ... all precisely alike in shape and direction.” She 
remarks that they are stabilized by vegetation and writes that “no sandstorm ever 
fills up the hollows or blows away the ridges.” These crescentic hollows or fuljes are 
apparently relict dune features of ‘uruq in the northern and central An Nafud.’ 
Slip faces of these crescentic hollows are over 75 m high. The term fulje, sometimes 
fulji, is a corruption of the Arabic word falq, meaning a horse-shoe-shaped depres- 
sion in the sand dunes of northern Saudi Arabia, especially An Nafud. 

The sand in these dunes beneath the surface lag contains some calcium car- 
bonate due to intervals of soil formation, as evidenced by rootlets in dug pits 
(Whitney et al., 1983). The presence of these palaeosol horizons is significant, as 
they indicate that the major dunes did not form during one hyperarid interval, 
and that there were intervening periods of milder climate. In the eastern 
An Nafud, dunes are more widely spaced and less high without crescentic dunes 
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Fig. 7.22 Large linear dunes, or ‘uruq 40—60 m high of the north-central An Nafud 
with small linear dunes on their surfaces. Numerous crescentic slip faces, representing rows 
of barchanoid features, lie mainly in the interdunes at intervals of about 600 m, and only 
occasionally on the ‘uruq. Inverting the image may make the pattern clearer. Image width 
is 12 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 7.23 View of a broad linear dune in the southern An Nafud Desert showing well- 
established vegetation on the nearly stabilized crescentic slip face. (Photo reproduced by 
kind permission of F. Oberlaender.) 
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Fig. 7.24 Star dunes with 3—5 arms in the eastern An Nafud Desert, northern Saudi 
Arabia. Note their linear arrangement. Farther west, they merge into broad ‘uruq, or giant 
linear dunes. The darker bands are salty sabkhah areas of shuqug, or interdunes. Image 
width is 5 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


on the north. Large pyramidal dunes, or star dunes, reportedly as high as 200 m, 
but mostly 60 m high, are also common in the eastern part of this desert (Fig. 
7.24) resulting from multiple wind directions. They may have up to 6 radiating 
ridges, which change position due to different wind directions during the year 
(Whitney et al., 1983). 

Further east, the linear dunes of the eastern An Nafud gradually trend towards the 
south-east, and merge with the ‘uruq of the northern Ad Dahna and the northern 
Nafud al Mazhur. Most of the Great Nafud, perhaps 95%, consists of stable dunes with 
surfaces partly anchored by some vegetation and Whitney et al., (1983) note that 
these stable dunes consist of medium-grained sand with some calcareous material, 
whereas active dunes are made of fine-grained mainly quartz sand. The stable dunes 
are also a strong reddish or reddish-yellow colour due to oxidation of their iron miner- 
als and were called ‘rhubarb coloured’ by Wilfred and Lady Anne Blunt (Blunt, 1881), 
whereas active dunes are lighter, being yellow in colour. Dunes of the western and 
south-western An Nafud are commonly high, barchanoid dune ridges spaced 1-2 km 
apart, and crescentic towards the east, due to prevailing westerly to south—westerly 
winds. They have broad, stoss slopes containing numerous small seif dunes, which are 
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Fig. 7.25 Barchanoid dune ridges, here about 100 m high, on the central western edge 
of An Nafud. Stoss slopes are relatively broad with frequent irregular seif dunes. The bare 
area on the west (left) consists of Palaeozoic beds swept clear of sand by westerly winds. 
Image width is 12 km and is clearer when viewed inverted. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 


often plumate (Fig. 7.25). These barchanoid dunes reach heights of 156 m in the 
south—western part of An Nafud and dune heights of up to 183 m are reported. 

Areas of different dune type in An Nafud are shown in Fig. 7.26. 

Old lake deposits occur between the stable dunes and their radiocarbon dating 
has shown that these lakes were active during the Late Pleistocene between 31,000 
— >38,000 years BP, around 24,340—27,120 years BP, and again in the Holocene) 
6,685-5,280 years BP (Whitney et al., 1983). Lacustrine deposits cover several 
km? near the village of Jubbah (Fig. 7.27) in the southern An Nafud. Garrard and 
Harvey (1981) showed 7 levels of lake or swamp there, of which they dated the 
third deposit with diatomite at 25,630 + 430 years BP, and the fifth deposit at 
6,685 + 50 years BP. These old lake deposits between the stable dunes indicate that 
the dunes themselves formed in the Late Pleistocene probably before 38,000 years 
ago, although there may have been additional growth in intervening arid intervals. 

Discovery of a vertebrate fauna of Early Pleistocene age in An Nafud Desert lake 
beds between old white dunes means that some stable, white dunes of that desert 
originated even earlier, at least >1.2 Ma BP. These ancient aeolian deposits are 
white, slightly consolidated, of fine to medium-grained, quartz sandstone with 
giant cross-stratification. They overlie the Palaeozoic Tayma Group unconformably. 
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Fig. 7.26 Distribution of different dune types in An Nafud Desert. 
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Fig. 7.27 Lake beds of Early Holocene age, 7.5 km E of Jubbah, southern An Nafud, 
Saudi Arabia, seen on right behind fence. Lower Palaeozoic sandstones of the Saq and 
Tabuk formations of Jabal Umm Silman in the background and sand dune in foreground. 
(Photo credit C. Newman.) 
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The interdune lake beds are themselves Early Pleistocene and contain remains of 
the bovid (Pelorovis cf. oldowayensis), horse (Equus sp.), a hippopotamus-like animal 
(Hexaprotodon sp.), Oryx sp., elephant (cf. Elphas recki), hyena (Crocuta crocuta), large 
cat (Panthera cf. gombaszoegensis), fox (Vulpes cf. vulpes), camelids and turtles. 
Analysis of herbivore teeth indicates a C4 diet typical of open grassland, and the 
fauna has an Ethiopian aspect, considered to represent a semi-arid interval follow- 
ing the Early Pleistocene humid period (Thomas et al., 1998). The stable dunes of 
the western An Nafud were probably formed between 164-129 ka, 113-99 ka, 
64-31 ka and 22-18 ka BP concomitant with arid intervals in the northern Rub‘ 
al Khali, as evidenced there by the clustering of OSL dates from aeolianites and 
dunes (Lancaster et al., 2003). The east—west trending dunes of An Nafud probably 
accumulated under more westerly wind directions in the arid intervals from 
70-38 ka and 22-10 ka judging from times between and before dated lake deposits. 
The lighter coloured active dunes are superimposed on the old stable dune, and are 
thought to have formed in the last 5,200 years, or possibly from 6,500 years ago 
(Lamy et al., 2001). Dated sediment cores from the northern Red Sea and Gulf of 
Aqaba indicate arid pulses at 5.2 ka, 3.8-4.0 ka, 3.4 ka, 2.8 ka and 1.0 ka (Arz and 
Patzold, 2000). The Great Nafud lies at a much higher latitude than the Rub‘ al 
Khali, has always been cooler, and receives more annual rainfall, between 89 and 
104 mm in the eastern part, although the south-western corner is drier with 
45-68 mm. The nearest weather station is Ha’il, with a mean annul rainfall of 
110.5 mm, and temperature extremes from 60 to 43.80°C. The northern part of 
Saudi Arabia occasionally has snowfalls, and Parsons-Basil (1968) remarked that 
water remains for a few days in silt depressions between the dunes after winter 
storms. In addition, there is sufficient groundwater to allow pivotal irrigation in 
parts of the Great Nafud, and near Jubbah water is at a depth of 50-75 m, while in 
their 1879 travels the Blunts note hand dug wells at 12-23 m (Blunt, 1881), so the 
groundwater table has apparently fallen in the last 120 years. 


7.4. AD DAHNA SAND SEA 


Ad Dahna sand sea, sometimes termed Ad Dahana, is a belt of giant linear sand 
dunes (Fig. 7.28), or ‘uruq, joining the east end of An Nafud in the north with the 
Rub‘ al Khali in the south. 

It extends in a great arc around the sedimentary scarps of central Arabia for a 
distance of nearly 1,300 km and varies in width from 10 to 70 km, averaging 
about 40 km wide. On the east, it is bordered by the low plateau of As Summan. 
The area of Ad Dahna is given by Wilson (1973) as 51,000 km?, but is probably 
not more than 34,390 km?, when the adjacent nafud areas near Buraydah are 
excluded. The ‘uruq in Ad Dahna are spaced farther apart than in the Great Nafud, 
have wider interdune corridors (shuquq), and lack the large slip faces seen in the 
adjacent desert to the north—west. They have been driven southward by the pre- 
dominant northerly wind or Shamal originating in Iraq and are confined on their 
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Fig. 7.28 A composite of two images showing Ad Dahna Desert extending in a great 
outer arc around the escarpments of the Interior Homocline, from upper left corner where 
it joins An Nafud, to near the lower right edge, where it joins the Rub‘ al Khali. The Arabian 
Shield is on the west (left) and the Nafud ad Dahi can be seen extending northward from 
the middle of the lower edge. Image width is 645 km. (NASA Landsat 7 images 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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western side by the high scarps, or cuestas, of central Arabia. ‘Uruq comprise 
about one-third of Ad Dahna Desert, due to the wide shuquq often covered with 
sand sheet and grasses. A good example of these ‘uruq can be seen on Ar Riyadh 
— Ma’aqala road, which crosses Ad Dahna from SSW-—NNE and passes successively 
over ‘Irq ath Thamam, ‘Irq al Humrani, ‘Irq ‘Imr, ‘Irq ar Ruwaykib, and ‘Irq Jahan, 
with Neogene sands and marls often exposed in the intervening wide shuquq. ‘Irq 
heights are 30-120 m. Each of these ‘uruq is no wider than 1.5 km, but the inter- 
dune corridors between them are from 3 to 8 km wide. In the narrower northern 
Ad Dahna, dunes are 10-100 km long and spaced 3—10 km apart (Fig. 7.29). 
Linear dunes in the southern Ad Dahna are smaller, and 10-20 km in length. 
The dune sands of Ad Dahna are almost entirely composed of subrounded, 
medium-grained to fine-grained, quartz sand and have a reddish-yellow colour 
due to ferric oxide coating, but not so strongly red as those of the Great Nafud. 
Two palaeosols have been noted west of Khurays with the rhizoconcretions of the 





Fig. 7.29 Closely space linear sand dunes in the narrower northern Ad Dahna. Image 
width is 60 km. (Image ISSO05-E-9293_1000; Courtesy of NASA Earth Observatory.) 
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dikakah type immediately beneath the upper palaeosol (Anton, 1983). These 
palaeosols indicate at least two humid periods from 30 to 20 ka BP and in the 
Early Holocene, from which Anton (1984) concludes that Ad Dahna sands “prob- 
ably started around 40,000 years ago.” In view of the connection between Ad 
Dahna and An Nafud, it is probable that the Ad Dahna stable, linear dunes date 
back to 160 ka BP, and may have accumulated in several successive cold arid 
intervals of the Quaternary. Numerous alluvial fans and drainage from the 
nearby Interior Homocline intrude into the inner margin of Ad Dahna, and have 
probably contributed to the red colour of its dune sands (Fig. 12.3). Large pyram- 
idal dunes over 100 m high, or star dunes, also occur in parts of Ad Dahna and 
are well developed in the Hawmat an Niqan area (lat. 26. 4° N; long. 46.0° E) of 
the northern part of this desert, where there are also linear belts of smaller 
pyramidal dunes. The star dunes mostly occur on the crests of large linear dunes, 
or ‘uruq, and seem to be aligned in NNE trends, suggesting that later winds were 
more variable, with some blowing from the NNE (Fig. 7.30). 





Fig. 7.30 Star dunes on ‘uruq of the north-eastern Ad Dahna in the Hawmat an Niqan 
area, NE Saudi Arabia, as seen in the lower four ‘uruq. Image width is 6 km. Individual star 
dunes are over 100 m high and up to 1.5 km in diameter. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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The trend of the linear dunes is N 70° W in the northernmost part of 
Ad Dahna near Naziyat at Tula’, and changes to N 60° W near Ma’aqala, becoming 
almost N-S just south of the Central Arabian or Mugharah Graben, and N 10° E 
slightly farther south where dune spacing is 0.8—1.2 km. In its southernmost part, 
in the ‘Urugq ar Rumaylah, the trend of Ad Dahna linear dunes has swung around to 
N 45° E, reflecting the change in strike of the abutting sedimentary escarpments. 


7.5 ALJAFURAH SAND SEA 


The Jafurah sand sea lies south and south-west of the Gulf of Bahrain and east 
of the Shedgum escarpment of the gaint Ghawar Anticline. It extends south to 
Al Jawb (23° 20’ N), where it merges with the NW Rub‘ al Khali, and as far east 
as 58° 45’ E. It widens from 30 km in the north to 200 km in the south. Fryberger 
et al., (1984) states that it extends for 800 km from Kuwait to the Rub‘ al Khali, 
but this would encompass most of the Kuwait-Al Hasa Coastal Plain, which is not 
a sand sea. Although it includes the Abqaiq area, the sand sea of Al Jafurah does 
not extend any farther north than lat. 26° 40’ N, although scattered dunes occur 
as far north as 27° N. Al Jafurah sand sea covers approximately 40,000 km? and 
unlike the other sand seas of Arabia does not include prominent linear dunes. It 
receives 54—80 mm annual rainfall, more than most of the Rub‘ al Khali, and lies 
in a belt of high humidity, so that its vegetation is more widespread. Its sands are 
much whiter than the red sands of Ad Dahna, and active dunes rest on a 
relatively young Mid Holocene sabkhah surface in many areas. As a result, many 
dunes have their lower sand layers permeated by capillary water from the under- 
lying sabkhah areas, yet their top layers are often removed by prevailing NNW 
winds. Most dunes of Al Jafurah are barchanoid dune ridges, barchans and 
asymmetrical crescentic dunes with the arc of the dune and slip face often elon- 
gated in one cusp. Broad linear dunes are also seen around Al ‘Uqayr. Parabolic 
dunes occur in five areas of the Jafurah, near Al Jubail, west of Qatif, in Qurayyah 
sabkhah area, NW of Al ‘Uqayr, and NE of Jabal Murayqib. Broad chevron- 
shaped dune complexes, which include a multitude of smaller barchan dunes, 
occur in the south-central Jafurah (Fig. 7.31). 

There are many small dunefields of barchans up to 2.5 m high, often with 
barchanoid ridges, occurring in the southern Al Jafurah Desert, but barchan 
dunefields also occur west of Qatif and on the eastern side of Dawhat Zalum 
south—west of Ad Dhahran, where they are of the whaleback type (Fig. 9.5). An 
example of these, west of Qatif on Sabkhat ad Dabbiyah, is shown in Fig. 7.32. 

Parabolic dunes west of Qatif (Fig. 7.32) and east of Dawhat Zalum are small, 
standing only 2.5 m above the surrounding sabkhah, with dune noses 50-150 m 
wide and arms up to 800 m. Other parabolic dunes, north-east of Jabal Muraqib, 
are up to 1 km long with nose widths and arm lengths of 200 m and 500 m respec- 
tively (Anton and Vincent, 1986). Parabolic dunes resting on the Qurayyah 
sabkhah are 50-150 m across and up to 800 m long, being 2.5 m high (Fig. 11.17). 
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Fig. 7.31 Large, chevron-shaped dune complexes of the southern Al Jafurah Desert 
composed of barchanoid ridges and barchans on their leeward sides. Image width is 
15 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


Towards the west of Al Jafurah, in the Abqaiq area, parabolic dunes range from 
incipient forms 1-2 m in height and 20-30 m wide, to well-developed parabolic 
dunes 5-9 m high and several hundred metres wide. Barchans in this area are 
10-20 m high with slip faces at the angle of repose of 30°—32° (Irtem et al., 
1998). In Al Hasa area, well developed barchan dunes averaging 10.6 m high move 
southward at 6.1-9.1 m yr“, while smaller barchans 4.6-9.0 m high move 
southward faster at 18.3 m yr! (Kerr and Nigra, 1952). Small patches of para- 
bolic dunes occur to the west of both Qatif and Al Jubayl. Dome-like shield dunes 
occur rarely in Al Jafurah, while sand sheets, as well as sabkhah occupy a large 
part of this desert. Barchans and barchanoid dunes are the most common types 
of dunes in Al Jafurah Desert and become more common towards the south. 
The dunes encountered in Al Jafurah are not very high by comparison with 
other Arabian sand seas, mostly being 2.5—25 m. They are all slowly advancing 
towards the south-south—east under the influence of the Shamal at the rate of 
about 2.3-29 m? m-wt yr! (Fryberger et al., 1984). Rate of dune advance 
depends on site exposure and vegetation cover. The Shamal, which blows most 
strongly from May to June, is the predominant wind influencing their advance, as 
shown by the wind rose for nearby Ad Dhahran (Fig. 7.33). 
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Fig. 7.32 Barchan dunefield on Sabkhat ad Dabbiyah, west of Qatif. Image width is 4 km. 
Small nested parabolic dunes occur on the south-east. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 


The sands of Al Jafurah are clearly younger than those of Ad Dahna and accu- 
mulated later than 4,000 years ago in the Ra’s Qurayyah area (Anton and 
Vincent, 1986), while Barth and Strunk (2004) have suggested that much of the 
rapid aeolian sand movement took place only 700 years ago. 


7.6 RAMLAT AS SAB’ATAYN SAND SEA 


The Ramlat as Sab’atayn means the “Sands of the two Sabas,” and refers to the old 
Sabaean capital of Ma’rib in the west, and Shabwah a later capital in the east. This 
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Fig. 7.33 Windrose for Ad Dhahran, typical for Al Jafurah Desert. The darker line represents 
wind direction (i.e. the direction wind comes from) in percent. (From ‘Saudi Arabian Wind 
Energy Atlas,’ Al-Ansari et al., 1986). 


desert known to mediaeval Arabic geographers as As Sayhad, extends eastward 
from the foothills of northern Yemen near Ma’rib for 250 km and has a maximum 
N-S width of 100 km at longitude 46° E. It covers some 15,000 km? and slopes 
towards the ENE from an elevation of 1,200 m to 735 m in the western Wadi 
Hadramawt. The Ramlat as Sab’atayn lies south of Ar Rub‘ al Khali, from which it 
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is separated by a broad east—west uplift with a core of Precambrian crystalline 
rocks and strata of the Jurassic Amran and Cretaceous Tawilah groups, which are 
mostly overlain by Quaternary gravels. Precambrian basement rocks limit the 
desert on the south—west, while on the south-east it abuts against the Cretaceous 
and Tertiary strata of the Hadramawt Plateau. The sand cover cannot be too thick 
in the Ramlat as Sab’atayn as there are two salt piercements at Milh Kharwan and 
‘Iyadh on its south-eastern edge, and outcrops of Precambrian crystalline rocks 
at Jabal Ath Thaniyah. Outcrops of the Jurassic Amran Group at Safir and Ayadim, 
as well as small outcrops of the Cretaceous Tawilah Group at Arayn and Aryam, 
occur at four places within 20 km to its south-west (Beydoun, 1964). Most of the 
dunes in this desert are ‘uruq, or large linear dunes (Fig. 7.34) less regular than 
those of the Rub‘ al Khali and the larger ones have a general ENE-WSW trend. 

In the north—western part of Ramlat as Sab’atayn, there are low, linear, dune 
ridges spaced only 200 m apart, but in the south-west and east of the desert the 
dunes are long, thin, linear dunes spaced about 1.5 km apart, with individual ‘irq 
traceable for 70 km. These dunes are driven toward the WSW and SW by the 
same predominant Shamal winds that cause the ‘uruq of the south—western Rub‘ 
al Khali, and these north-—easterly to east north—easterly winds are the most fre- 
quent, still causing dune movement. Greenwood and Bleakley (1967) note the 
occurrence of small quadrant-shaped dunes a little over one metre high and 10 m 
wide on the south-western edge of the desert near An Nuqub with two slip faces 
resulting from north-east and north-west winds and record a resultant SSW 
movement of 0.3 m/year. In interdune areas, or shuqug, there are silt or gravel 
surfaces, apparently the remains of old watercourses, and Wadi Bayhan with a 
mean annual runoff of 2 Mm? still cuts across the south-west of the desert with 
grassy patches. The interdune corridors are 2—4 times as wide as the ‘uruq, 
which often converge westward. These linear dunes are higher in the western 
part, being commonly 50 m high, and decrease in height eastward. 





Fig. 7.34 Ramlat as Sab’atayn — a mosaic of Landsat 7 images. The sinuous linear 
dunes or ‘uruq are quite different from those of the Rub‘ al Khali. Image width is 260 km. 
(Source NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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The large curved, eastern linear dunes, or ‘uruq, have short seif dunes on their 
surfaces and their interdunes have numerous crescentic slip faces and horse- 
shoe-shaped hollows, or falg, directed W or WSW in the eastern part of the 
Ramlat as Sab’atayn (Figs. 7.35a and 7.35 b). 

Some 50—60 km west of Shabwah, ‘uruq converge from a fan shape with at 
least 14 ‘uruq to only four major dunes further to the west. These large reddish 
linear dunes, or ‘uruq have 4—12 long seif dunes along their surfaces arranged 
slightly oblique to their length, with the length of the seif dune being 3—5 times 
the width of the “irq (Fig. 7.36). They are similar to the ‘uruq of the NE Wahiba 
Sands and unlike any dunes in the Rub‘ al Khali. 

The ‘uruq just east of Ma’rib, in the north-western part of the Ramlat as 
Sab’atayn, trend NNE-SSW, while other ‘uruq farther east trend NE-SW. There is 
a general SW convergence of these large linear dunes in the north—western area, 
but the shape of dunes with a pattern of short and small linear dunes on their 
surfaces is more like that of the south-western Rub‘ al Khali, while the shuquq 





Fig. 7.35a Ramlat as Sab’atayn, eastern part, showing large, curved linear dunes, or 
‘uruq from lower centre to top right, with numerous small barchan-like dunes with 
south-east facing slip faces on their surfaces, which occurs especially in interdunes. 
Dunes are some 30-40 m high. An old watercourse appears near the mid line of the 
image and has even cut the dunes locally. Lower Tertiary limestones of the Hadramawt 
are dark on the lower right. Scattered outcrops of the Cretaceous Tawilah Group occur 
in the lower mid right. The ancient city of Shabwah lies in the white area in the lower 
right corner. Image width is 50 km. (U. S. Geological Survey Aster VNIR image 
003:2009436874.) 
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Fig. 7.35b An enlarged view of the distinctive pattern of barchan-like hollows, with 
east to south-east facing slip faces, which appear rarely on large, linear dunes of the east- 
ern Ramlat as Sab’atayn, but are quite concentrated in interdunes, or shuquq. The dunes 
are narrower, 30 m high, about a third the width of interdunes, and bear a pattern of short 
linear seif dunes. Width of the image is 12 km. (NASA Landsat 7 image 2000 series, cour- 
tesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 7.36 ‘Uruq of the southern Ramlat as Sab’atayn some 60 km west of Shabwah. 
These dunes are 30—50 m high. They converge towards the west and each ‘irq has a pat- 
tern of slightly oblique, linear, seif dunes on its surface. Note the small watercourse in the 
interdune to the NW. Image width is approximately 20 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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are also wide. Sand dunes on the southern part of the Ramlat as Sab’atayn have 
a strong reddish colour with well developed crests as shown in a photo from near 
‘Ataq in the far southern part of this desert (Fig. 7.37). 

Some of the westernmost dunes of Ramlat as Sab’atayn extend to Ma’rib where 
they had almost buried the Sabaean Awwam temple or Mahram Bilqis in 1983 
(Fig. 7.38), although it had been excavated down to the floor by the American 
Foundation for the Study of Man in 1952 (Phillips, 1955). 

The main belt of ‘uruq begins in the east, emanating from the western Wadi 
Hadramawt, commencing as a series of low isolated sand patches 5 km west of 
the town of Shibam and then extending south—west as a curving band of dunes 
gradually widening to 20 km. These dunes widen in the south-western corner 
and then extend westward to the Yemen Highlands, where some run 
north—eastward from near Ma’rib. The Ramlat as Sab’atayn must once have 
been a wetter place, as discoveries of Neolithic artifacts have shown (Zeuner, 
1954; Maigret, 2002). Old lake beds have also been found within the Ramlat as 
Sab’atayn in the Al Hawa depression (Lézine et al., 1998). Radiocarbon dates on 
these sediments show wetter conditions from 8,200 to 7,200 years BP, with dis- 
tinct lacustrine development from 7,800 to 7,200 years BP. As with the Rub‘ al 
Khali and the Great Nafud, Holocene lake beds also occurred between sand 
dunes of the Ramlat as Sab’atayn and their occurrence was due to a large 





Fig. 7.37 Sand dunes of southern Ramlat as Sab’atayn near Ataq (Photo credit Nexen Inc.) 
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Fig. 7.38 Dune sand of western Ramlat a Sab’atayn almost covering the Awwam tem- 
ple locally called Mahram Bilqis at Ma’rib, Yemen in 1983. (Photo by H. S. Edgell.) 


increase in the South—West Monsoon. Some indication of the age of the Ramlat 
as Sab’atayn is provided by the dating of desert varnish (Coque-Delhuille, 2000). 
Ages of desert varnish calculated from the (K++ Ca2+):Ti4+ ratio give ages rang- 
ing from 30 to 200 ka BP suggesting the desert conditions obtained there during 
the Late Pleistocene. 


7.7 RAMLAT AL WAHIBAH (WAHIBA SANDS, 
WAHIBA SAND SEA) 


Although the smallest sand sea in Arabia, covering about 10,000 km2, and some- 
times estimated to be 12,500 km2, or even 16,000 km, the Ramlat Al Wahibah, or 
as it is more commonly called the Wahiba Sands, is the most thoroughly investi- 
gated of all the Arabian sand seas (Warren, 1988a; Goudie et al., 1987; Gardner, 
1988; Juyal et al., 1998; Radies and Matter, 2000; Radies, 2001; Preusser et al., 
2002; Radies et al., 2004; Preusser et al., 2005; Radies et al., 2005). It is also 
referred to by Glennie (1970, 1986, 2005) in discussions of deserts and desert envi- 
ronments. The Wahiba Sands lie in the eastern interior of Oman to the south of Al 
Hajar ash Sharqi (eastern Al Hajar Mountains) and extend for 200 km to the south 
and are up to 100 km wide having an inverted pyriform outline (Fig. 7.39). The 
large, linear dunes or ‘uruq of Ramlat al Wahibah are honey-coloured, often dark 
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Fig. 7.39 A satellite image of the Ramlat Al Wahībah (Wahiba Sands) consisting 
mainly of large linear dunes, or ‘uruq, except the narrow southern part, which consists of 
narrower N-S trending dunes and some sand sheet. Width of the image is 100 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


red at the base, and commonly 70 m high. They consists primarily of north-south 
trending large linear dunes, or ‘uruq, some 100 km long, and up to 100 m high, but 
mostly 50-70 m high, and 2-3 km apart (Fig. 7.40). Frequent smaller seif dunes 
some 5 m high and about 200 m apart cross the surfaces of the ‘uruq slightly 
obliquely, and often persist into the interdunes. The Ramlat al Wahibah has been 
divided in the ‘High Wahiba’ comprising the main body of ‘uruq towards the north 
and the ‘Low Wahiba’ (Goudie et al., 1987). Uruq of the ‘High Wahiba’ or Al Hibal, 
rest on fluviatile deposits of the Barzaman Formation (Preusser et al., 2004), whose 
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Fig. 7.40 ‘Uruq of the north-western Ramlat Al Wahibah, or Wahiba Sands. Note the 
numerous oblique seif dunes on the surfaces of ‘uruq and the relatively narrow inter- 
dunes. Width of the image is 6 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 


age is considered ‘?Middle’ Miocene to Plio-Pleistocene (Radies et al., 2004). The 
‘Low Wahiba’ lies in the south and south-west and consists of more recent active 
linear dune sands from 2 to 10 m high. Relatively narrow shuqug, or interdunes, 
occur in the Wahiba Sands, although some quite broad interdunes occur along the 
north-western margin. Towards the east, hammocks or mounds appear on the 
dune surfaces apparently due to the influence of easterly cross winds (Fig. 7.41). 
‘Uruq of the Ramlat al Wahibah decrease slightly in height towards the east 
where they are 40-60 m high. The ‘uruq of the north-eastern ‘High Wahiba’ 
becomes less continuous towards the north-east and contain numerous sand hum- 
mocks, or mounds on their surfaces. Some of the mounds are dome-like and their 
height varies from 4 to 7 m (Figs. 7.41, 7.42). These mounds tend to have small slip 
faces on their northern sides and are covered with a network pattern of small seif 
dunes or with small sigmoidal dunes trending across the length of the ‘uruq. The 
cross alignment of dune mounds and of small sigmoidal dunes suggests a secondary 
wind direction from the ENE. Again, the interdunes, or shuquq are quite narrow and 





Fig. 7.41 ‘Uruq of the north-eastern Ramlat Al Wahibah showing a pattern of broad, 
asymmetrical, north-facing mounds on their surfaces. These mounds contain a cross pat- 
tern of small sigmoidal dunes. Interdunes are narrow and often contain long seif dunes. 
Image width is 7.7 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/ 
mrsid.pl). 





Fig. 7.42 View of dunes in the north-eastern Ramlat Al WahK$bah showing the hum- 
mocky nature of many ‘uruq. (Photo reproduced by kind permission of I. Barker.) 
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typically contain long, narrow seif dunes. None of the dune types of the Rub‘ al Khali 
Desert show this distinctive pattern of broad lumpy ‘uruq, and narrow interdunes. 

This core area of north-south trending ‘uruq is flanked by large areas of sand 
sheet with low active dunes, and a 1,700 km? area of aeolianite lying mainly to the 
west, as well as 40 m high coastal dunes in the south-east. Megabarchans are dis- 
tinguishable in the north-eastern area and small domes occur along the crests of 
megadune ridges. A small area of large barchans also occurs south-east of the main 
area of large linear dunes, while crescentic zibar dunes are found in the south, as 
well as a small area of aklé dunes in the east. ‘Uruq sands are mostly reddish yellow, 
while areas of brown sands occur near Wadi Batha and in the low, south— 
western peripheral dunes. Most of the dune sands are very well-sorted, 
being relatively coarse in the north-west and central coast, and finest in the 
north-east. There is a high percentage of carbonate material in the eastern part of 
the Wahiba Sands reaching over 50% in places, and to their south and west, where 
30% carbonate is common. Only a quite small part in the central desert sands has 
less than 20% carbonate, and an area near Wadi Batha with over 30% may be due 
to carbonate material washed in by old wadis (Goudie, 1987). The Wahiba Sands 
were thought to originate during the LGM when lowered sea levels exposed large 
shelf areas of carbonate sediments from which the material now composing the 
dunes was blown northward by the South—West Monsoon (Glennie, 1970; Warren, 
1988a). Recent luminescence dating of near surface layers of the vegetated linear 
megadunes (‘uruq) have given ages of 60-70 ka BP (Preusser et al., 1999), and 
although the dunes were reactivated in the Mid Holocene, the evidence now indi- 
cates their formation in an earlier arid glacial interval, mostly around 64 ka BP. 
Some of these linear megadunes were reactivated in the Mid Holocene and followed 
NW-SE lineaments (Radies and Matter, 2000). The extensive aeolianites, seen espe- 
cially to the west of the Ramlat Al Wahibah, represent an older, Middle Pleistocene 
desert developed between 160-130 ka BP, referred to by Gardner (1988) as “Older 
Aeolianite” and termed Al Jabin Unit, equivalent to MIS6 by Radies et al., (2004). 
IRSL dating of sediment cores in the Wahiba Sands (Preusser et al., 2002) indicates 
that aeolian conditions began 160-130 ka BP, continued from 115 to 98 ka BP, 
renewed again between 90 and 88 ka, and achieved their major effect from 70 to 
60 ka BP. Preusser et al., (2002) also showed that the Wahiba Sands were formed 
by northbound transport of sand during high latitude glaciations of lowered sea 
level. Temperatures in the Ramlat Al Wahibah during the Last Glacial Maximum 
from 18-25 ka BP were only + 6.5°C (Weyhenmayer et al., 2000). Monsoonal fluc- 
tuations caused alternations between desert conditions and intermittent wetter, 
semi-arid conditions. The later were caused by northward movement of the Inter- 
Tropical Convergence Zone (ITCZ), which may have extended as far north as the UAE 
during wetter, semi-arid intervals and not because of an increase in north—westerly 
winds due to a southward shift of the ITCZ. In such an interval during the Early 
Holocene, some small lakes formed between dunes. Their lake deposits include abu- 
dant freshwater gastropods, such as Melanoides tuberculata dated as forming around 
9,300 years ago (Radies et al., 2005). 
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Lesser dunefields of Arabia 


There are at least twenty other sand deserts in Arabia, apart from the six large sand 
seas already discussed, and these are best described as dunefields. These include 
nine anfad (areas of nafud) in the Al Qasim—Buraydah region of north-central 
Saudi Arabia, namely Nafud ath Thuwayrat, Nafud as Sirr, Nafud Qunayfidah, 
Nafud ash Shugayyiqah, Nafud al Ghamis, Nafud Buraydah, Nafud at Tarafiyah, 
Nafud al Mazhur and Nafud al ‘Urayq. Between the more resistant sedimentary for- 
mations of the central Arabia escarpments to the north of the Rub‘ al Khali, there 
is also the Nafud ad Dahi. To the south-east of Al Madinah, there is the 130 km 
long ‘Irq Subay sand desert, resting on the Arabian Shield, as well as the Nafud 
Rumhat and Nafud as Sirrah, north-east of ‘Irq Subay. Farther south, there is also 
Nafud Hanjaran, adjacent to the alluvial plain of Wadi Bishah and ‘Trq al Wadi in 
the valley of Wadi ad Dawasir. Two coastal sand deserts in south-eastern Oman 
include the Sahil Jazir and the Sahil Jinawt, while the large Ayn al Juwayri dunefield 
reaches the coast in the southern Yemen. The dunes in the south-eastern of Qatar 
form another small desert. In the north of the Sinai Peninsula, there is also a sand 
dune desert extending into the Negev, called the Sinai Desert. Ash Shamiyah Desert, 
sometimes called the Zubair Desert, located in the south-east of Iraq is a sand desert, 
some 120 km long and up to 30 km wide. Between the Euphrates and Tigris rivers, 
there are the Southern Alluvial Plains Desert, and the small Baiji Desert 100 km 
north of Baghdad. Dunefields also occur in southern Jordan, as in the in Wadi Araba 
Wadi Rum area, as well as east of Al Mudawarrah. 


8.1 NAFUD ATH THUWAYRAT 


This nafud is a very large dunefield lying to the west of Ad Dahna and separated 
from it by the Aruma and Tuwaygq escarpments, while being bounded on the west 
by the Jilh escarpment (Fig. 8.1). 

Nafud ath Thuwayrat lies some 60 km east of Buraydah and extends for 180 km 
south-east from the old Wadi ar Rimah valley, which it has blocked. It is up to 
60 km wide at its north-west end and wedges out towards the south-east, where 
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Fig. 8.1 Nafud ath Thuwayrat seen from lower right to mid top. The Nafud as Sirr is on 
the lower mid image extending to Wadi ar Rimah. Nafud ash Shuqayyiqah is seen near the 
lower left corner and Nafud al Ghamis is just above it, including Nafud Buraydah while 
Nafud at Tarafiyah is NW of Nafud as Sirr. Width of image is 133 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


it joins the ‘Urayq al Buldan. Most of this large nafud consists of linear belts of 
dome dunes (Fig. 8.1). The dunes are transverse to the wind direction in the east, 
and there are many giant dome dunes, mostly 50 m high and up to 170 m high 
with peripheral radiating ridges in the west part of this nafud, with some 
barchanoid dune ridges also present (Fig. 8.2). 


8.2 ‘URAYQ AL BULDAN 


This dunefield is 55 km long and up to 15 km wide in its southern part lying 
immediately south-east of the Nafud ath Thuwayrat between the Tuwayq 
Mountain escarpment on the north-east, and the Marrat scarp on the 
south-eastern side near the village of Marrat. In the north—west part of this 
dunefield, there are eight large dome dunes averaging 3 km in diameter, giving 
way to narrow transverse dunes towards the south-east. The broader 
south-eastern half of the dunefield is dominated by four broad linear dunes 
trending NW-SE, which are some 3 km wide, with narrow interdune corridors. 
These broad dunes are some 20 km long and carry small, 2-3 km long, 200 m 
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Fig. 8.2 Nafud ath Thuwayrat on its north-western edge with dome dunes and barchan 
ridges. Image width 45 km. (U.S. Geological Survey Aster VNIR ID: AST_LIB.003: 
2019083427.) 


wide, NNE-SSW trending, sigmoidal dunes on their carapaces. A small dunefield 
lies to the east of the southern end of the ‘Urayq al Buldan and is known as the 
‘Urayq Raghbah. It is 18 km long from NNE-SSW and is up to 7 km wide with a 
few small N-S transverse dunes and some small dome-shaped dunes in is south- 
ern part, but is mostly sand sheet. 


8.3 ‘IRQ BANBAN 


‘Irq Banban is located some 80 km ENE of the ‘Urayq al Buldan and lies in a 
depression to the south-west of the Aruma escarpment and north-east of the 
Tuwayq escarpment. It is 68 km long from NW-SE and up to 7 km wide, con- 
taining a few broad, low, linear dunes in its north-western part, with some small 
barchans between these dunes. Numerous small N-S transverse dunes from 2 to 
5 km long occur in the south-western part of this dunefield. 


8.4 NAFUD AS SIRR 


Situated between the Jilh escarpment on the east and the Khuff escarpment on the 
west, the Nafud as Sirr also lies south-east of the Wadi ar Rimah valley (see 
Figs. 8.1 and 8.3). It is 270 km long and has a maximum width of 20 km, 
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tapering off towards the south-east. Many circular dunes described by Holm 
(1953) as ‘cone dunes’, and as high as 150 m occur in the Nafud as Sirr 
(Fig. 8.3), being a variety of dome dunes. Holm states that they have no slip faces 
and lack the radiating ridges of so-called star dunes, and imagery shows the 
presence of short peripheral radiating ridges, which do not extend onto the 
upper surfaces, so that they are true dome dunes. It is thought that they are the 
result of winds from many directions, especially since Nafud as Sirr is trapped 
between the sedimentary scarps and dip slopes of the resistant Khuff and Jilh 
formations. There are also some transverse dune ridges in the northern part of 
this nafud, which in places move across the dome dunes. Isolated lake bed 
deposits occur within the northern Nafud as Sirr and have a !4C date of 5,480 + 
70 years BP (Whitney et al., 1983), indicating that they are the result of the 
‘Neolithic Wet Phase’. 





vel 


Fig. 8.3 Dome dunes of Nafud as Sirr, with short peripheral radiating ridges. 
These dunes are mostly over 1 km in diameter and up to 150 m high, but mostly 50 m 
high. Some seif dunes trend NNE-SSW. The black circles are centre-pivot irrigation 
plots. Image width is 30 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/ 
mrsid/mrsid.pl). 
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8.5 NAFUD QUNAYFIDAH 


This nafud lies between the southern ends of the Nafud ath Thuwayrat to the 
north-east, and the Nafud as Sirr to the west, within a NW-SE trough caused by 
erosion of the soft Minjur Sandstone. It extends south-east for 120 km and has a 
30 km long southern branch. The greatest width of this nafud is 20 km and for 
the most part its width is 10 km or less, with an area of 2,922 km?. Most of the 
dunes in Nafud Qunayfidah are dome-shaped dunes, 1 km or more in diameter 
(Fig. 8.4), caused by the vagaries of the wind direction in this depression between 
the sedimentary escarpments. 


8.6 NAFUD ASH SHUQAYYIQAH 


Nafud ash Shuqayyiqah is located south of Wadi ar Rimah, to the west of 
the Permian Khuff escarpment and is limited on the east by outcrops of the 
Ordovician Saq Sandstone. This nafud begins some 25 km south of Buraydah and 
extends south-east for 270 km, having a maximum width of 26 km and tapering 
off in a south—easterly direction. It covers 1,355 km? consisting mainly of relatively 
short, linear dunes from 4 to 7 km long, spaced from 1 to 1.5 km apart. There are 





Fig. 8.4 Dome dunes on the southern end of Nafud Qunayfidah near the main road 
150 km west of Ar Riyadh. These dunes have an average diameter of 1 km. Image width 
is 30 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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also some small dome-shaped dunes, a little over a kilometre in diameter in the 
south-western part of this nafud, as well as along its western margin. Numerous 
centre-pivot irrigation areas occur in the western and northern parts of the 
nafud utilising groundwater from the Saq aquifer. 


8.7 NAFUD AL GHAMIS AND ADJACENT ANFAD 


Extending along the Wadi ar Rimah valley to the immediate south of Buraydah, 
the Nafud al Ghamis is some 70 km long in an ENE—WSW direction and has a 
width of up to 25 km, but averages 10 km in width. It narrows to only 4 km, 
where Wadi ar Rimah has breached Permo-Triassic outcrops, where it is locally 
known as the Nafud al Buraydah. Towards its eastern end, there is another small 
nafud 35 km long and 5 km wide, called Nafud at Tarafiyah, branching to the 
north-west between the Jilh and the Khuff escarpments and limited on the 
north-west by Quaternary calcareous gravel duricurst. Most of the dunes in the 
Nafud al Ghamis and adjoining Nafud at Tarafiyah are low, linear dunes less than 
10 km long and aligned in a NNW-SSE direction following the predominant 
Shamal wind direction in northern Saudi Arabia (Fig. 8.5). 





Fig. 8.5 Linear dunes of Nafud al Ghamis (middle to lower left), including Nafud al 
Buraydah (lower centre), and Nafud at Tarafiyah (top right). The city of Buraydah is seen 
to the left of centre. Image width is 30 km centred at lat. 26.18°N; long. 43.47°E. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Some linear dunes, about 10 km south of Buraydah, have transverse dunelets 
on their sides suggesting the influence of winds from the north-east. Linear 
dunes in the north-eastern part of Nafud al Ghamis to the SW of Buraydah tend 
to be longer (>10 km), and frequently have irrigated areas in the interdunes. 


8.8 NAFUD AL MAZHUR (NAFUD MAZUR) 


The Nafud al Mazhur is a large dunefield, some 240 km long and 30-50 km wide 
joining the eastern part of the Great Nafud with the Nafud ath Thuwayrat in the 
south-east. It lies between the At Taysiyah area of Cretaceous Aruma Formation 
outcrops on the north-east, which separate this nafud from the northern Ad 
Dahna, and those of the Jurassic Minjur Sandstone and Jilh Formation on the 
south-east. Towards the north-west, Devonian Jauf Formation outcrops occur on 
its south-eastern margin. Several occurrences of underlying sedimentary rocks 
are found within this nafud at Tu’us Tarabah, where the Permian Khuff Formation 
crops out, and in the Shamat al Akbad, where there are outcrops of the Jurassic 
Jilh Formation, indicating that the dune sands are relatively thin. Dunes of the 
Nafud al Mazhur are commonly 20 km long and are relatively broad (Fig. 8.6) 





Fig. 8.6 Large linear dunes, or ‘uruq, of the Nafud al Mazhur on the left, with minor small 
linear seif dunes on their surfaces. Giant dome dunes of the Nafud ath Thuwayrat are seen on 
the right. Subsurface flow joining Wadi ar Rimah and Wadi al Batin occurs in darker areas at 
the junction of the two dune types from lower left corner to near the top right corner. Image 
width is 20 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


174 Chapter 8 


from 1.5 to 2 km in width, with smaller linear dunes generally 70 m high having 
rare barchans on their surfaces. The major dunes are quite widely spaced, with 
interdune corridors (shuquq) being 2—4 km wide. Towards the south-east, the 
large linear dunes, or ‘uruq, of Nafud al Mazhur abruptly become giant dome 
dunes, of the northern Nafud ath Thuwayrat. This change is attributed to the 
influence of the underlying Wadi ar Rimah-Wadi al Batin drainage running from 
SW-NE at the dune change (Al-Dabi et al., 1997). 

Many of the larger dunes in Nafud al Mazhur are named and include from 
north to south ‘Irq al Ash’ali, ‘Irq Hidajah, ‘Irq Lazzam ‘and ‘Irq al Mazhur. Most 
of the shuqugq are floored by sand sheets, but old Quaternary calcareous duri- 
crust is also found frequently in the shuquq of the Nafud al Mazhur. 

A number of dunefields occur on the Arabian Shield to the west of some major 
harrat and the following map (Fig. 8.7) shows their position, as well as the posi- 
tion of most of the lesser dunefields within the escarpments of the Interior 
Homocline. 
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Fig. 8.7 Distribution of various deserts and nafud areas on the Arabian Shield and 
within escarpments of the Interior Homocline. (Created from data in Hearn et al., 2003.) 
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8.9 NAFUD AL ‘URAYQ (NAFUD AL URAYK) 


This nafud rests on the Precambrian crystalline rocks of the northern Arabian 
Shield. It is located 150 km south-west of Buraydah and lies south of Wadi ar 
Rimah, being confined on the east by several jibal (Jabal Khatharigq, J. al Maqawai, 
J. Shawran, J. Sha’ba’, J. Kuf and J. Shir), and on the west by Wadi al Jarir. The 
Nafud al ‘Urayq is 180 km long, extending southward in an arc concave to the 
east, and has its greatest width of 30 km towards the north, covering 1,356 km?. 
Dunes in the wider northern part of this nafud are predominantly dome dunes 
with some linked barchans, each from 1 to 1.5 km in diameter, including 
barchanoid dunes at the north end. To the west and farther south, as the nafud 
narrows, large linear dunes or ‘uruq following a NW-SE trend appear and have 
small, fine linear dunes on their surfaces, often with cross dunes giving a finely 
reticulate pattern. Secondary seif dunes, a few kilometres long, trail off the SW 
edges of these ‘uruq. There are also some dome dunes along the eastern edge near 
Jabal al Maqawgi (Fig. 8.8). 

In the southern part, where the nafud again widens, there are some broad lin- 
ear dunes up to 10 km long. Old lake bed deposits occurring in the northern 
Nafud al ‘Urayq proved to be Late Pleistocene, with a 14C dates of 26,000 + 400 
to over 31,000 years BP, as well as younger Early Holocene deposits with radio- 
carbon dates of 8,440 + 90 to 5,480 + 70 years BP (Whitney et al., 1983). 
The source of sand for this isolated dune field appears to be partly from alluvial 
sources, especially from Wadi ar Rimah and Wadi al Jarir. There is a small dune- 
field, called Nafud al Kutayfah, within a hollow between mountains of 
Precambrian crystalline rocks, some 17 km east of the Nafud al ‘Urayq. The 
Nafud al Kutayfah extends some 22 km east—west and is up to 8 km wide and 
covers 132 km?. It contains small linear dunes a few kilometres long, trending 
NW-SE, and is bordered on the north by Jabal Kutayfah and Jabal al Luhayb, and 
on the south-west by Jabal al Qunaynah. 


8.10 NAFUD AD DAHI 


The Nafud ad Dahi lies to the west of the southern Tuwayq Mountain escarpment 
(Figs. 8.9, 8.10 and 8.12). The nafud extends for 200 km north-east from 
the eastern Wadi ad Dawasir covering 15,693 km?. In the northern part of the 
Nafud ad Dahi, south of Wadi Birk, there are extensive areas of Quaternary lag 
gravels as well as areas of Quaternary silt, and dunefields are not well developed 
there (Fig. 8.11). 

On some maps, the Nafud ad Dahi is shown to extend a further 150 km to the 
south on the western side of Al ‘Arid escarpment (Raisz, 1956), while others 
include this southern area in the Rub‘ al Khali (McClure, 1978). It is up to 40 km 
wide in the south, near Wadi ad Dawasir and wedges out towards the north-east, 
where it partly overlies outcrops of the Permian Khuff Formation. The western 
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Fig. 8.8 Nafud al ‘Urayq with Wadi al Jarir on the left, and Wadi ar Rimah at top. Note 
dome dunes in the north and transverse dunes running NW-SE on lower left. This nafud 
rests on Precambrian basement rocks of the northern Arabian Shield. The large circular 
black area (top middle) is Jabal Khathariq, and the larger black area in the lower right corner 
is Jabal al Maqawgqi. Some dome dunes occur along the west of Jabal al Maqawgi. Image 
width is 45 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


margin of the Nafud ad Dahi is formed by crystalline Precambrian basement 
rocks and, in places, by outcrops of the Khuff Formation. Towards the north, 
where the Nafud ad Dahi partly covers the limestones of the Khuff, there are 
about 18 small dunefields, which cross the regional outcrop trends obliquely and 
contain small linear dunes from 2 to 4 km long and 1 to 2 km wide (Fig. 8.12). 


Lesser Dunefields of Arabia 177 





Fig. 8.9 View of the northern Nafud ad Dahi in the foreground looking north-east to 
the Tuwayq escarpment. (Photo credit T. Lewis.) 





Fig. 8.10 Dunes of the Nafud ad Dahi looking east to the Tuwayq escarpment. (Photo 
credit S. Salem.) 
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The largest dunefield of Nafud ad Dahi lies just south of Wadi Birk and 
extends for 80 km, being up to 12 km wide. It also contains four or five NE-SW 
‘uruq, 1-1.5 km wide, separated by shuqug of similar width, and areas of sand 
sheet. These large dune ridges carry small linear dunes, which follow their 
length and are about 100 m wide. In the south-western part of the Nafud ad 
Dahi, longer linear dunes occur trending almost east-west and are up to 20 km 
long averaging 1 km in width, with the dunes having small dome-shaped dunes 
along their crests. There are both active and inactive dune systems in the Nafud 
ad Dahi, as seen in the ‘Urayq al Munsarqah near the western side of the nafud 
(Vaslet et al., 1985). 


8.11 ‘URUQ AS SUBAY (‘IRQ AS SUBAY) 


Referred to in earlier maps (USGS Map 1-270A and 1-211, 1963) as the ‘Irq as 
Subay, which would infer only one large linear dune, or ‘irq, this dunefield is 
now called ‘Uruq as Subay (Hearn et al., 2003). This scattered dunefield lies 
40 km to the north-east of the Harrat an Nawasif and some 400 km ENE of 
Jiddah, in a depression in the crystalline rocks of the south-central part of the 
Arabian Shield. It is some 80 km long from north to south, and has a maximum 
width of 22 km, covering 2,022 km?. In the northern part, dunes are linear and 
relatively broad, trending ENE-WSW, and are separated by relatively wide 
shuqugq, about 1 km wide. The thin, linear dunes, or ‘uruq, 100-200 m across, 
mostly trend NE-SW in the southern part, are widely spaced and often branch 
towards the south-east, tending to have small linear dunes, as well as some 
small dome-shaped dunes on their surfaces (Fig. 8.13). Seif dunes, trending SE, 
trail off from the east sides of the ‘uruq, suggesting the secondary influence of 
winds from the NW. 

These dunes are apparently blown out from NNE to SSW and fade out from a 
distinct linear dune to a group of small dune ridges towards their south-western 
ends. The interdune corridors (shuquq) are broad and in many cases expose the 
Precambrian crystalline rocks of the Arabian Shield. This indicates that the sands 
of ‘Uruq as Subay are only a thin cover, as is also shown by the thin ‘uruq and 
their unusually broad spacing. A smaller, largely sand sheet area, known as 
Burqa Warshah lies to the east of ‘Uruq as Subay and contains a few low 
NNE-SSW trending ‘uruq. 


8.12 AS SAWDAH DESERT 


A desert area called As Sawdah desert (Hearn et al., 2003) is situated near the 
south-eastern margin of the Arabian Shield at 22°N, 44°20’°E and consists of 
wadi sands, as well as some sand sheet, resting on Precambrian basement with 
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Fig. 8.11 Geological map of the northern Nafud ad Dahi showing dunes marked Qes, 
silty lake beds Qsi and lag gravels Qg. Compare with image, Fig. 8.12, which covers much 
of the lower part of this map. (Extract from U. S. Geological Survey ‘Geology of Southern 


Tuwaiq Quadrangle’; Bramkamp et al., 1956). 
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Fig. 8.12 Nafud ad Dahiin the area of Al Juwayfah. The Upper Jurassic Tuwayq escarp- 
ment extends along the east of the image and the large promontory pointing north—west 
(lower mid right) is Khasm al Juwayfah. Five large ‘uruq appear on the left. Outwash lag 
gravels and some lake beds are seen along the centre. (Image width 42 km; U. S. Geological 
Survey Aster VNIR image ID: AST_LIB.003.20171871120.) 


numerous E—W basic dikes in the southern part of this desert. It is not a nafud as 
there are no distinct dune sands and the numerous outcrops of basement rocks 
suggest that these sands are quite thin. 


8.13 NAFUD AS SIRRAH (NAFUD AS SURRAH) 


This nafud is situated in the eastern part of the Arabian Shield, some 140 km 
north-east of the ‘Uruq as Subay. It also lies in a depression with Jabal an 
Nidyan to the north and Jabal az Zaydi to the south. Nafud as Sirrah is just over 
100 km long from north-west to south—east and is only 5—10 km wide, having 
an area of 522 km, with a narrow, north-western extension of 294 km?. It 
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Fig. 8.13 ‘Uruq as Subay, central part, showing thin, widely spaced, linear dunes or 
‘uruq with smaller linear dunes on their surfaces. Image width is 10 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


consists mainly of well-defined dome dunes up to 90 m high in its south— 
eastern part (Fig. 8.14), with linear seif dunes trending NNW-SSE on its 
southern side. The presence of a belt of large dome dunes within a narrow belt 
42 km long is a clear indication of winds from multiple directions in a longitu- 
dinal depression within the Arabian Shield. The north-western part of Nafud as 
Sirrah is almost disconnected from the south-eastern dunefield and turns 
toward the south-west on the western edge of this nafud. Dunes in the 
north-west consist of broad ‘uruq, trending NNE, often with seif dunes on their 
surfaces, as well as some wedge-shaped dunes. 


8.14 NAFUD RUMHAT 


This small dunefield is some 45 km long and up to 12 km wide and lies on the 
Arabian Shield north-west of Nafud as Sirrah. It consists primarily of some 15 
widely spaced ‘uruq trending NNE-SSW, with many exposures of Precambrian 
basement in the wide interdunes, indicating relatively thin sand cover. Individual 
‘uruq have a pattern of small linear seif dunes on their surfaces, and most ‘uruq 
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Fig. 8.14 Dome dunes of the narrow south-eastern Nafud as Sirrah showing their 
numerous radiating arms and a finely reticulate surface pattern of smaller dunes on their 
surfaces. A few NNW-SSE trending linear dunes appear to the south. Image width is 
15 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


taper towards the SSW. Small barchans, only around 2 m in height with steep 
dune avalanche slopes facing south, have been reported from this nafud (Binda, 
1983a). The wind in this area is predominantly from the NNE. 


8.15 NAFUD HANJARAN 


The Nafud Hanjaran (area 377 km?) is situated both to the east of Wadi Bishah 
(Fig. 8.15) and to the south-west of Harrat al Buqm. It forms an elongated sand 
area some 38 km long from north to south and up to 12 km wide, tapering south- 
ward to a width of 6 km. A series of about 25 ENE—WSW trending, relatively low, 
linear dunes, or ‘uruq, comprise this nafud. These dunes appear to be driven by 
wind from the ENE, and most coalesce from several small dunes to individual 
larger dunes towards Wadi Bishah. The interdunes widen towards the south and 
patches of basement appear suggesting that these sands are relatively thin. 
Opposite the northern end of Nafud Hanjaran, on the western side of Wadi 
Bishah, there is another dunefield with some conspicuous ‘uruq trending 
NE-SW and eight other ‘uruq trending NNW-SSE. These linear dunes or ‘uruq, 
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Fig. 8.15 Nafud Hanjaran and its ENE-WSW trending low ‘uruq lying east of Wadi 
Bishah with larger ‘uruq NW of Wadi Bishah. Image width is 30 km. (NASA Landsat 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


are bigger than those of Nafud Hanjaran and have smaller seif dunes on their 
surfaces and are also referred to as Nafud Hanjaran on some maps. 


8.16 ‘IRO AL WADI 


An area of 698 km? of mainly sand sheet called ‘Irq al Wadi stretches from east to 
west for 120 km along the course of Wadi ad Dawasir, west of the Tuwayq escarp- 
ment at Khasm Mutarim, near As Sulayyil. The average width of this belt of sand 
is only 6-10 km, although it is wider and less clearly defined towards the west, 
where it rest on Precambrian rocks. There are up to six long, low, narrow, linear 
dunes in the east of ‘Irq al Wadi, but they are only a few hundred metres wide, 
while interdunes are 2-3 km wide. Many of the narrow dunes in the east have a 
row of small domes on their surfaces (Fig. 8.16). The dunes and sand sheet of ‘Irq 
al Wadi represent sand blown westward from the Rub‘ al Khali through the wind 
gap created where Wadi ad Dawasir has cut through the Tuwayq escarpment. 
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Fig. 8.16 ‘Irqal Wadi eastern dunefield. There are a number of narrow, linear dunes extend- 
ing from mid right to lower mid left. Image width is 50 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 


8.17 KHULAYS DUNEFIELD 


A dunefield, 8 km long and up to 3 km wide, is located 10 km south-east of the 
town of Khulays and 80 km north-east of Jiddah. It contains mostly barchans, 
which are up to 25-30 m long and 15-16 m wide with a height of up to 3.5 m. 
They have their steep slip faces (30—32°) towards the south-east due to the pre- 
vailing north—westerly winds and their stoss slopes are gentle (3—8°). Some linear 
dunes occur at the southern margin of the dunefield, due to the additional influ- 
ence of seasonal north north—easterly winds. Interdune areas are mostly deflated 
gravel surfaces, and some sand sheet is found in the piedmont on the eastern side 
of the dunefield (Binda, 1983; Zaidi, 1983). 


8.18 SAHIL JAZIR 


Located along the east coast of Oman in a crescent shape facing Sawgirah Bay, 
the Sahil Jazir is some 130 km long and generally 5—15 km wide (Fig. 16.8). It 
consists mostly of sand sheet, with some low-linear sand dunes 4—6 km long par- 
allel to the coast, widely spaced in three rows. Small solitary dunes about 100 m 
in diameter occur in the northern part of Sahil Jazir on either side of the Wadi 
Ghadunbut. Large alluvial fans from widyan, such as Ha Rikat and Wadi Watif, 
cover large parts of the southern and south-central Sahil Jazir and a much 
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smaller alluvial fan from Wadi Ghadunbut occurs in the northern part. There is 
a landlocked, coastal, freshwater lagoon 100 hectare in area at Khawr Dhirit. 


8.19 SAHIL JINAWT 


This small, coastal, sand dune desert is located in eastern Dhofar to the west of 
Shuwaymiyah, extending to Fararah, and is 6-10 km long and up to 7 km wide. 
It contains numerous small shallowly crescentic barchans, the horns being 
directed towards the west, as well as barchanoid dune ridges. (Fig. 8.17). 


8.20 ‘AYN AL JUWAYRI DUNEFIELD 


An area of 2,273 km? of sand dunes and sand sheet extends inland for 60 km from 
Al Ayn Bay in the southern Yemen at 13°10’N, and 45°00’, in a triangular 
shape, being some 30 km wide at the coast near the town of ‘Ayn al Juwayri and 





Fig. 8.17 Barchanoid dune ridges and some barchans along the coast of southern 
Oman in Sahil Jinawt. These dunes are relatively small as the width of the photo is only 
about 4 km. (Photograph by H. S. Edgell.) 
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lying east of Wadi Mayfa’ah in the Balhaf graben (Huchon, and Khanbai, 2003). 
The eastern part of this dunefield consists of east-west trending barchanoid dune 
ridges (Fig. 8.18), and some well developed barchans are found farther inland. 
Most of the western part is composed of sand sheet. 

Some of these barchans, are up to 30 m high, and larger barchanoid ridges can 
be seen on part of a high-resolution image of the ‘Ayn al Juwayri dunefield 
(Fig. 8.19). 


8.21 QISHN-WEST RA’S FARTAQ DUNEFIELDS 


Two dunefields are located to the west of Ra’s Fartag and are separated by Eocene 
outcrops of Ra’s Darja. The western dunefield lies north of the town of Qishn and 
covers a triangular area of 370 km? with a coastline of 19 km and extending 
northward for 14 km. In the west, wadi sands extend down to Qishn, and in the 
central part, some seven broad dunes lie parallel to the coast, while in the eastern 
part low, linear dunes trend NE-SW and abut against Eocene exposures of Ra’s 
Darja. The west Ra’s Fartaq dunefield covers 770 km with a coastline of 36 km 





Fig. 8.18 Ayn al Juwayri dunefield on the coast of southern Yemen, with linear dunes in 
the east and south, barchans in the mid north and sand sheet in the north. Wadi Mayfa’ah 
runs along the west of the dunefield. Image width is 75 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 8.19 Barchanoid dune ridges and barchans in the south-east of the ‘Ayn al 
Juwayri dunefield, apparently blown towards the SW by north-easterly winds. Al Ayn Bay 
is seen in the lower left. Width of image is 6 km. (From image ISSO01-344-3 3. Image cour- 
tesy of Image Analysis Laboratory, NASA Johnson Space Center.) 


and extends inland for up to 28 km. Its dunes are mostly small, linear dunes run- 
ning N-S in the western part, but in the larger eastern part, they run NE-SW 
until reaching wadi alluvium and outcrops of the Cretaceous Fartaq Group, on 
the east. 


8.22 QATAR SOUTH-EASTERN DUNEFIELD 


In the south-east of Qatar, between Umm Said and Khawr al Udayd, there is a dis- 
tinct dunefield over 40 km long and 7-10 km wide resting on a sabkhah surface 
(Fig. 8.20). 

The dunes are mostly barchans with their horns pointed towards the south-east, 
and are from 0.8 to 39.8 m high with dunes less than 10 m high dominant. Width 
of barchans across horns is from 15 to 30 m in 79.5% of some 320 measured by 
Embabi and Ashour (1993), and length between crest and tail was less than 250 m 
in 88% examined cases. Many chains of linked barchans, or barchanoid dune ridges, 
are also present, and a few barchans have one horn blown out to become a linear 
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dune as seen in the lower centre of Fig. 8.20. The underlying sabkhah, onto which 
these white, quartz dunes have been driven by the prevailing Shamal is exposed in 
many interdune areas. Shinn (1973) has given an interesting account of these 
dunes now blown almost off the Qatar Peninsula as their source has been cut off by 
sea level rise, probably some 12,000 years ago. Since the exposed strata in Qatar are 
mostly all carbonates, this small desert of quartz sand along the south—eastern mar- 
gin of Qatar provides evidence that these sand dunes originated from a Persian Gulf 
plain, when sea level was lower during the Last Glacial Maximum or earlier, similar 
to Rub‘ al Khali dunes. These barchans have apparently moved south-east over 120 
km in 12,000 years, giving an average rate of movement of 10 m/year. Embabi and 
Ashour (1993) measured an annual rate of dune advance of 10.3-11.3 m for 
medium-sized dunes and 6.0 m for large dunes in this area. 





Fig. 8.20 South-eastern Qatar just north of Khawr al Udayd showing a dunefield of 
barchans along the south-eastern coast of Qatar. Image width is 19.5 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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8.23 SINAI DESERT 


Although too small to be considered a sand sea, the 4,000 km? Sinai Desert 
extends across the entire northern part of the Sinai Peninsula and into the 
northern Negev, a distance of some 230 km. The main area of desert dunes is 
185 km long in a roughly east—west direction and up to 40 km wide, although it 
narrows eastward to 20 km, and considerably more towards the Negev. The main 
dunes are Pleistocene and lie in the south of the Sinai Desert as broad linear dunes 
with a general WSW-ENE trend, being from 5 to 10 km long and 300-500 m 
broad (Fig. 8.21), and slightly sinuous. Crescentic and coppice dunes also occur. 
There is a change in resultant drift direction (RDD) from south south-east (148°15’) 
near Port Said to east north-east (71°39) at El Arish. Dune movement is from 5 to 
13 m/year (Al-Asmar et al., 2000). 

Tsoar (1982) studied their linear dune formation and explained their linear 
dune movement by oblique wind flows into a longitudinal flow along the lee side. 
The wider northern part of this desert consists of very numerous, small, low, lin- 
ear, seif dunes of Holocene age, which are a few hundred metres wide and from 
0.5 to 2 km long. Older stabilised dunes belong to the Fakra Formation. Between 
El Arish and Misfaq, there are belts of Holocene coastal dunes and sabkhah, with 





Fig. 8.21 Linear seif dunes of the northern Sinai Desert. Most are relatively narrow and 
somewhat sinuous, and many tend to turn into barchans towards their eastern end. Seen 
here in the Nizzana area SSW of Bir as Saba (Beersheba), southern Palestine. The lighter 
area to the west (left) is in Egypt. Image width is 15 km. (From © CNES/SPOT Image 
1992-1994.) 
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the prominent Sabkhat al Bardawil situated north of Misfaq giving way to sand 
sheet to its west. The linear seif dunes of the northern Sinai Desert, south of 
Sabkhat al Bardawil are sinuous and asymmetrical with slip faces consistently on 
the southern side. They have numerous secondary sigmoidal dunes trending 
between NNE and NE on their surfaces (Fig. 8.22). 

Towards the south—west, small linear dunes extend almost to the Suez Canal, 
although they are replaced in the south by low transverse dune ridges with some 
parabolic dunes. The same low, linear, seif dunes observed in the northern Sinai 
Desert extend into the Negev in the Holot Haluza and Holot Aghur, where a few 
barchans have been reported (Tsoar, 1984). There is a further belt of almost 
north-south trending large linear dunes, or ‘uruq, in the western Sinai to the 
east of the northern Gulf of Suez. 


8.24 WADI ARABA DUNEFIELDS 


Several small dunefields occur in the Wadi Araba. They are, from north to south: 
Salmani dunefield, Fidan dunefield, Qa‘ as Suaydin dunefield and Gharandal- 





Fig. 8.22 Large, linear, sinuous, seif dunes, south of Sabkhat al Bardawil, northern 
Sinai Desert, with narrow interdunes and numerous NNE to NE trending, sigmoidal dunes 
on their surfaces. These seif dunes are 2—5 km long. Image width is 18 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Taba dunefield. The largest of these is the Gharandal-Taba dunefield, with an 
area of 200 km?. It is elongated in an N-S direction and contains numerous low 
barchanoid dunes, barchans and transverse dunes. They are low dunes, mostly a 
few hundred metres or so in length, and include low (l m high) linear dunes 
aligned in a north-south direction. Nabkha’ are less common and climbing 
dunes occur rarely. Resultant drift potential of the dunes is towards the south or 
south-west (Saqqa and Atallah, 2004). In the northern Wadi Araba, the Salmani 
dunefield lies about 20 km SSE of the southern end of the Dead Sea. It is about 
6 km long and contains many low-linear dunes, trending WNW-SSE, interpreted 
as barchanoid dune ridges due to winds from the NE (Fig. 8.23). Similar 
barchanoid dune ridges occur in the Fidan dunefield, located about 45 km south 
of the Dead Sea (Saqqa and Atallah, 2004). 


8.25 WADI RAM DESERT 


The Wadi Ram desert lies in southern Jordan to the east of the Aqaba-Ma’an road 
near Jabal Rum (1,754 m high). It covers an area of spectacular scenery with 





Fig. 8.23 Low, barchanoid dune ridges trending NNW-SSE in the Salmani dunefield, 
Wadi Araba, southern Jordan. Image width is 8 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl) 
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high cliffs of Lower Palaeozoic sandstone, often honeycombed due to salt crystal- 
lization on the rock face, and broad sand-covered valley floors (Fig. 8.24) in the 
Mahattat ar Ramlah area. 

Most of the relatively small sand areas are dispersed between Quaternary 
alluvium and consist of sand sheet with relatively few low dunes up to 3 m in 
height. There are also areas of rock platform with occasional zeugen, or erosional 
remnants, protected by resistant layers (Fig. 3.8). 


8.26 SOUTH-EASTERN JORDAN DESERT 


Some 40 km east of Al Mudawarrah, on the Jordan/Saudi border, there are small 
areas of sand sheet with a few small, transverse, sand dunes resting on Palaeozoic 
sandstones. Bender (1974) described the dunes as “steep, short, windward dunes 
on the mountain slopes, [and] elongated leeward dunes”. A small dunefield of 
low-linear dunes also occurs from 2 to 9 km SW of Al Mudawarrah (Fig. 15.2b). 
Sandy desert areas are restricted to the Tubayq Mountains and to the wide valleys 
within these highlands. 





Fig. 8.24 Wadi Rum, southern Jordan, showing the spectacular cliffs of Cambrian 
sandstone and the general sand sheet cover in the wadi, with a low sand dune appearing 
dark in the middle right. 
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8.27 SAHRA’ AL MUSALLA 


This area of east-west sand dunes and associated sand sheet is found in northern 
Saudi Arabia near the Jordanian border, and it extends westward into Jordan. The 
main dune area is 70 km long and some 6 km wide with another dune area of 
similar size 3 km to the south. The dunes are narrow and linear with considerable 
sand sheet and rest on volcanic flows (harrah). 


8.28 SAHRA’ AS SUWAN 


Sahra’ as Suwan is located on the western edge of the Wadi as Sirhan depression 
in northern Saudi Arabia at 30°47” 47’ N and 37° 47” 59’ E. Although it has 
been listed as a desert area by Hearn et al., (2003), it consists only of a small NW- 
SE area of alluvial gravel, some 6 km long and 4 km wide. No sand dunes are 
present. 


8.29 NAFUD AL GHUWAYTAH 


This nafud lies north of Al ‘Urayq area of the Great Nafud and 60 km west of the 
town of Al Jawf. It is some 30 km long from east to west and 25 km wide, cover- 
ing 648 km’, or slightly larger than Bahrain, being bordered by outcrops of lower 
Tertiary limestones on the east and by an area of claypan, or qa‘ on the west. 
Dunes in the north-east are broad, linear, aligned WNW-ESE, up to 10 km 
long and a few kilometres wide with small transverse dunes on their surfaces 
(Fig. 8.25). Most of the western part of Nafud al Ghuwaytah is sand sheet with 
some low dunes trending from north-east to south-west. There are numerous 
small, straight, transverse dunes trending NNE-SSW in the south of Nafud al 
Ghuwaytah, and areas of sand sheet in the western part, as well as several rows of 
small crescentic barchan dunes south of the claypan or qa‘. 

The north-eastern corner of Saudi Arabia is traversed by 10-12 broad sand 
streaks trending NE-SW and cutting across topography and drainage. They are 
up to 170 km long and 6-10 km wide, being especially noticeable in the northern 
Tabuk Basin. 


8.30 KUWAITI DUNEFIELDS 


Two small dunefields occur in northern Kuwait. Al-Huwaimiliyah (area ~220 km?) 
lies on the northern border, while Al Qashaniyah-Umm Negga (area ~75 km?) 
lies on the north-eastern border. A third, quite small area occurs near Al Wafra in 
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Fig. 8.25 Nafud al Ghuwaytah lies north-east of the Great Nafud and is shown in this 
image. Note the broad WNW-ESE linear dunes in the north-east crossed by small trans- 
verse dunes, and the small NW-facing barchans below the area of claypan or qa‘. Most of 
the western part is sand sheet with some low dunes trending NE-SW. Image width is 40 
km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


southern Kuwait. Sand dunes of Al-Huwaimaliyah are 3—4 m high and from 
25 to 35 m wide. There are 2,200 dunes, the main dune types being barchans and 
barchanoid dune ridges, with intervening sand sheets and desert pavements, as 
well as claypans in the north and south (Al-Dabi et al., 1997). Most dunes are low 
and small. In Al Qashaniyah-Umm Negga area, south-facing barchans occur from 
1 to 7 m high (Fuchs et al., 1968), and are 180-200 m wide, being isolated, with 
a typical crescentic form. Their grain size is unimodal averaging 0.23 mm. Small 
barchans advance at rates of up to 44 m/year (Al-Awadhi et al., 2000). Coastal 
sand drifts, largely resting on sand sheet or sabkhah, occur in south-eastern 
Kuwait. 


8.31 ASH SHAMIYAH DESERT (AL BADIYAH AL 
JANUBIYAH) 


There are several desert areas in southern and western Iraq, as shown on the map 
(Fig. 8.26) by Dougrameji (1975), where prevailing wind directions are also given. 
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Fig. 8.26 Map of dunefields of Iraq and prevailing wind directions (After Dougrameji, 
J. S. 1975 “Some physical properties of sandy soils and sand dunes in Iraq”, FAO Soils 
Bulletin 25, reproduced by permission of FAO). 


The Shamiyah Desert lies in the south-east of Iraq and extends from south of 
An Najaf to the Wadi al Batin in the extreme south. It trends NW-SE for over 
90 km on the south-western side of the Euphrates (Nahr al Frat), and is up to 
40 km wide in the south, where it consists of straight, thin, closely spaced, linear 
dunes up to 20 km long. They are separated by narrow interdune corridors or 
shuqug (Fig. 8.27). Numerous sand hummocks are also found south—west of An 
Nasariyah (Fig. 8.28). 

Towards the north-west, the dunes become less distinct and another narrow 
dune area 32 km long and up to 12 km wide occurs south—west of An Nasiriyah, 
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Fig. 8.27 Ash Shamiyah Desert south of An Nasariyah, with closely spaced, narrow, 
linear dunes on the left, and hummock dunes in the top centre. Image width is 25 km. 
(NASA Landsat 7 image 2000 series. Image courtesy of nasa.gov/mrsid/mrsid.pl) 


with frequent barchans 3-4 km wide, some linked compound barchans, as well as 
rows of small barchans parallel to the Shamal wind (Mahmoud and El-Ani, 1986). 
Another similar dune patch 20 km long and up to 8 km wide closely follows to the 
north-west. Farther north—west, to the west of As Samawa, there are two rather 
narrow belts of sand dunes: the larger being 75 km long and the smaller, which is 
closer to As Samawa, 40 km long. Both are up to 10 km wide and trend NW-SE. 
Sand hummocks or hummocky dunes largely anchored by vegetation occur to the 
west of As Shamiyah Desert and some 80-120 km south—west of An Nasariyah 
(Fig. 8.28). The whole Shamiyah desert dune system has developed under the 
Shamal wind, which prevails throughout southern Iraq. 


8.32 BAIJI DESERT 


A small area of desert and sand dunes called the Baiji Desert lies approximately 
100 km NNW of Baghdad (Fig. 8.29). This dunefield is 70 km long and 30 km 
wide. 

The Baiji Desert contains transverse, dome-shaped, barchan and seif dunes 
aligned in a NW direction under the influence of the prevailing wind, within 
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Fig. 8.28 Hummocky dunes, south-west of An Nasariyah in the Ash Shamiyah Desert, 
southern Iraq. They are stabilised as indicated by the sparse vegetation cover and sheep 
and goat tracks on their slopes 


a longitudinal trough in the Mesopotamian plain. Most of the dunes are small, 
closely spaced, transverse dunes of low relief, 100-400 m long (Fig. 8.30). These 
reddish sand dunes are derived from the Older Alluvium, and are composed pri- 
marily of quartz and carbonate grains. 





Fig. 8.29 An overall view of the Baiji Desert in northern Iraq (dark patches), with the 
Tigris River on the west and Adhaim River on the east. Al Sharri salt flats are the white 
patch to the south-east. Image width is 90 km. (NASA Landsat 7 image 2000 series, cour- 
tesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 8.30 A central part of Baiji Desert surrounded by farmland showing the numerous 
small transverse dunes formed by prevailing NW Shamal winds. Image width is 2 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


8.33 SOUTHERN ALLUVIAL PLAINS DESERT 


Between the Tigris and Euphrates rivers to the north of Samawa and east of 
Diwaniya and Al Amara, there is an area of desert trending NW, which is some 
130 km long and 30-40 km wide (Fig. 8.31). It contains many small active 
barchans from 0.5 to 5.0 m in height, as well as small transverse dunes and short 
linear dunes (Fig. 8.32). These dune sands are considered to be derived from the 
river sands of the Euphrates River (Al-Janabi et al., 1988). 
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Fig. 8.31 Southern Alluvial Plains Desert, southern Iraq. The Nahr al Frat (Euphrates 
River) is on the lower left and the Shatt al Gharraf is seen on the upper right. Image width 
is 150 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 8.32 Part of the Southern Alluvial Plains Desert, southern Iraq, showing small 
barchans and barchanoid dune ridges in the upper right quadrant, as well as short linear 
dunes to right of centre, and small transverse dunes to left of centre. Image width is 9 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Types of desert dunes in Arabia 


In the broadest sense, sand dunes can be classed according to their relation to the 
predominant wind, as either transverse to the wind, longitudinal or lengthwise in 
the direction of wind, or solitary dunes related to varying wind directions. More 
detailed classifications of desert sand dunes have been proposed by Aufrére 
(1933), Holm (1953, 1960, 1961, 1962), Breed et al., (1979), Edgell (1989a), 
Lancaster (1995) and Livingstone and Warren (1996). The latter produced a sen- 
sible dune classification based on whether dunes are free or anchored, and they 
divided free dunes into transverse, linear, star and sheet types, with subdivision of 
each of these types, while anchored dunes were classed as fixed by either vegeta- 
tion or topography, with further subtypes. Another useful dune classification by 
Mainguet (1984) divides aeolian dunes into three categories according to activ- 
ity: active dunes, fixed dunes and vegetated dunes. Among the active dunes she 
considers: (1) crescentic and transverse dunes, including nine types of barchans, 
prebarchans or shield dunes, and barchanoid dunes, (2) linear dunes, including 
composite dunes, such as bouquet dunes (plumate dunes), dexter and senester 
dunes (oriented to right or left of the predominant wind), linear dunes with an 
arrangement of zibars (zabarat), (3) complex dune combinations, as with linears 
ending or beginning in barchans, and (4) star dunes of five types. Among active 
erosional dunes, Mainguet includes parabolic dunes and notes the downwind 
progression in a dunefield from dome dunes to transverse dunes, then 
barchans, followed by parabolic dunes, and then V-shaped parabolic dunes with 
blow-outs. Sand ridges or longitudinal dunes, following the dominant wind 
direction, are separated as stable dunes and differ from linear dunes oblique to 
the wind. 

For Arabian deserts, the most relevant studies of sand dune types have been by 
Holm (1952-62), who specialised in the dune studies in Saudi Arabia both in field 
mapping and from aerial photographs and Breed et al., (1979), who relied upon 
Landsat imagery, especially with regard to the Rub‘ al Khali, as did the author 
(1989a) using Landsat 7 near infrared imagery and Large Format Camera images, 
as well as field observations. The satellite imagery-based classification adopted by 
Breed et al., (1979) recognises five major categories of dunes: (1) linear dunes, (2) 
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crescentic dunes, (3) star dunes, (4) undifferentiated complex dunes and (5) sand 
sheets and streaks. Linear dunes are subdivided into (a) simple short dunes, (b) 
mostly simple dunes, some compound, (c) complex dunes with star dunes, (d) 
feathered dunes, with star dunes superimposed, and (e) larger dunes with crescen- 
tic dunes superimposed. Crescentic dunes are subdivided into (a) simple barchanoid 
ridges, (b) compound barchanoid and short ridges, (c) compound barchanoid 
ridges, and (d) complex crescentic ridges, with star dunes superimposed. Two types 
of star dunes are recognised: (a) simple star dunes with some compound, and (b) 
complex star dunes with dome-shaped dunes overlapping. This was the first 
attempt to map the huge Rub‘ al Khali Desert into different dune types, although 
there was an annotated map accompanying an article by Bagnold (1951), based on 
the field observations of Thesiger (1946, 1948). Some problems with this dune 
classification by Breed et al., (1979) are its failure to recognise many different dune 
forms, which are clearly seen on the ground and the omission of dome dunes, as 
well as all attached or fixed dune types. The author divided dunes into three major 
categories (Edgell, 1989a): longitudinal, transverse and solitary. These were subdi- 
vided into 17 types. Longitudinal dunes, or ‘uruq, were divided into (1) seif dunes, 
(2) draa dunes (giant linear dunes), (3) sigmoidal dunes, (4) fishhook dunes, (5) 
feather dunes, (6) divergent or convergent dunes, and (7) aligned belts of pyramidal 
dunes. Transverse dune types included: (1) simple transverse dunes, (2) zibar, (3) 
aklé dunes, (4) barchans, (5) barchanoid dune ridges, (6) megabarchans (giant 
compound crescentic dunes), and (7) parabolic dunes. Types of solitary dunes 
included: (1) dome dunes, (2) large pyramidal dunes also called star dunes, or 
qa‘a’id (“sand mountains”), and (3) small pyramidal dunes. 


9.1 A MORPHOGENETIC DUNE CLASSIFICATION 


A classification of Arabian dunes by form and origin is given below based on the 
author’s observations from 1954-2005, and those of Holm (1953-1962). 
Examples of most types are given: 
Classification of dunes by form and origin 
I. Transverse Dunes — Dune ridges, with crests transverse to the dominant wind 
and with slip faces migrating downwind 
1. Simple transverse dunes — with straight crest lines, at right angles to the 
dominant wind, moving downwind 
2. Reversing dunes — transverse dunes that develop slip faces on opposite 
sides, due to bimodal wind regimes 
3. Climbing dunes — dunes climbing up the windward face of a cliff or hill 
and anchored by topography. Example: Sinai Desert (Fig. 9.1) 
4. Falling dunes — a dune anchored on the lee side of a hill 
5. Echo dunes — dunes reflected back by topography, like reverse barchans in 
their formation. Example: Sinai Peninsula (Fig. 9.2) 
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Fig. 9.1 Climbing dune (centre right) in the Sinai Desert. 
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Fig. 9.2 An echo dune in the Sinai Peninsula reflected back by a topographic barrier. 
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6. Lattice or network dunes — overlapping transverse dunes, each aligned to 
a different wind in a complex annual regime. Example: NE Rub‘ al Khali, 
west of Umm as Samim (Fig. 9.3) 

II. Crescentic Dunes — Crescent-shaped, with or without a slip face. 

1. Symmetrical crescentic dunes — axis of symmetry bisects dune. 

a. Barchan — a crescentic dune, ovate to lunate in shape, which moves 
downwind in response to a unidirectional wind. Horns point down- 
wind. Example: Abqaiq-Dhahran area (Fig. 9.4) 

b. Whaleback barchan — termed khait (pl. khuyut) by Holm (1961) from 
Arabic for string. A crescentic dune modified by winds from several 
quarters, usually opposed, with additional mild lateral winds. Back 
slopes are steeper than on conventional barchans, usually 10° to 20°; 
dune foreshortened parallel to main axis, and often elongated normal to 
dominant wind. Ends either pointed or rounded. Formed in areas where 
sand supply is greater than for usual barchans. Example: East of 
Dawhat Zalum, near Ad Dhahran (Fig. 9.5) 

c. Barchanoid Dune Ridges — consisting of a chain of laterally linked 
barchans, allowing irregular interdune corridors between them, as succes- 
sive dune chains often join. Usually large, with steep slip faces and broad 
windward slopes. Example: Al Liwa’, southern UAE. (Fig. 9.6) 





Fig.9.3 Lattice dunes (network dunes) in the north-eastern Rub‘ al Khali, west of Umm 
as Samim with continental sabkhah between them. Image width is 25 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


Types of desert dunes in Arabia 205 


EE rE 
enemas 
= 


ee ra 


re 
. APS 2-4 


‘i 
| 
a) | 


a r KAT | 

` UA v 
fe tø DA 
= 





Fig. 9.4 View of a small barchan in the Abqaiq-Dhahran area, Eastern Province, Saudi 
Arabia. (Photo credit S. G. Fryberger.) 





Fig. 9.5 A string of barchans of the whaleback, or khait, type with steep windward or stoss 
slopes, east of Dawhat Zalum and SW of Ad Dhahran. Image width is 7 km. (Enhanced NASA 
Landsat 7 image from NASA World Wind 2005). 
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Fig. 9.6 


Barchanoid dune ridges of Al Liwa’ in the United Arab Emirates. Image width 
is 35 km. (U. S. Geological Survey Aster VNIR ID: AST_LIB.003:2014195673.) 


Aklé Dunes — consist of both barchanoid and linguoid elements alter- 
nating along a wavy crest line. They are usually smaller in Arabia, 
although widely described from the Algerian Sahara (Aufrére, 1931; 
Monod, 1973). The barchanoid elements in one chain seem to alternate 
with linguiform elements in the next chain (Cooke and Warren, 1973). 
Example: East of Sabkhat Matti (Fig. 9.7) 


Other variants of the barchan form are: 


(1) Tear-drop dune — shaped like a tear-drop in plan view, with slip face 
compressed to a small arc downwind or slightly offset. Example: Rub‘ 
al Khali, south (Fig. 9.8 and 9.9) 

(2) Tadpole dune - like a tear-drop dune, but with a narrow sinuous 
ridge trailing off downwind. Example: North-central Rub‘ al Khali 
(Fig. 9. 10) 


2. Asymmetrical crescentic dunes — axis of symmetry oblique to direction 
of dominant wind or absent. 


a. 


Oblique crescent dunes — oriented and elongated oblique to apparent 
dominant wind direction. Horns elongated and narrow, slip face nar- 
row, dune highest above slip face. Example: Rub‘ al Khali NW, Tara’iz al 
Sanam area (Fig. 9.11). 


. Lopsided crescentic dunes — arc of dune and slip face elongated on one 


cusp, opposite quarter from the wind. Example: Al Jafurah south (Fig. 
7.31). 


3. Residual crescentic dunes — crescentic shape not always distinct. 
Sometimes circular, ovate or elongate, and like a sausage in plan. Ends 
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Fig. 9.7 Aklé dunes shown as wavy lines east of Sabkhat Matti. Note that the 
barchanoid and linguoid parts of the dunes are often opposed. Image width is 7 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 9.8 | Tear-drop dunes in the southern Al Qa’amiyat region of the southern Rub‘ al 
Khali. Note slip faces confined to a small arc downwind, or towards the lower left. Image 
width is 30 km. (U. S. Geological Survey Aster VNIR image ID: AST_LIB.003:2007375708.) 
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Fig. 9.9 An aerial photograph of an elliptical dome dune in the southern Rub‘ al Khali 
with numerous small tear-drop dunes and sigmoidal dunes streaming off downwind. The 
teardrop dunes are 10-15 m in diameter. (After Holm 1960 courtesy of the Saudi Arabian 
Oil Company.) 


rounded, upper surface convex, no slip face. In multiples or compound 
dunes, forms rolling terrain called zibar by the Bedouin. 

a. Zibar, zabarah, zabarat — residual from most crescentic forms of 
dune. Fine-grained sands have been removed by deflation or winnow- 
ing. Back slopes rippled with coarse sand waves. Surface smooth and 
firm. Examples: Rub‘ al Khali NW, Al Munaijjar area (Fig. 9.12), ‘Uruq 
Bani Ma’arid (Fig. 7.9). 

b. Marbakh - similar in form to the zibar, but with a scattered cover of 
the perennial shrub Calligonum comosum (Fig. 5.8), and sometimes 
Cyperus conglomeratus. 
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Fig. 9.10 Tadpole dunes, with a domed windward end trailing off downwind into a low 
sinuous ridge, from the north-central Rub‘ al Khali. Image width is 15 km. (U. S. Geological 
Survey Aster VNIR image 003:20180441 74.) 





Fig. 9.11 Oblique crescent dunes in the Tara’iz al Sanam area of the north-western 
Rub‘ al Khali seen from mid lower to top right. Image width is 35 km. (U. S. Geological 
Survey Aster VNIR image ID: AST_LIB.00:20023061454.) 
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Fig. 9.12 Zibar in Al Munajjar area of the north-central Rub‘ al Khali, seen as numer- 
ous low ridges between the linear seif dunes. Image width is 27 km. (U. S. Geological 
Survey Aster VNIR image ID: AST_LIB.003:2009062585.) 


c. Blowouts — bare hollows in otherwise vegetated dunes 
d. Modified residual dunes — cusps tied down by vegetation or moisture 
(1) Parabolic dunes — residual crescent, in the shape of a parabola, 
with horns pointed upwind, arc convex downwind. Example: 
north-central Al Jafurah (Fig. 9.13). 

Various types of parabolic dunes have been differentiated on the basis of their 
shapes by Pye and Tsoar (1990) and their classification is included here (1.1 to 
1.6). Although parabolic dunes are relatively infrequent in most Arabian deserts, 
they are more commonly found in Al Jafurah Desert. 

(1.1) Lunate — crescentic parabolic dunes 
1.2) Hemicyclic parabolic dunes—parabolic dunes in a low arc 

3) Digitate parabolic dunes, finger-like 

4) Nested parabolic dunes, inside each other 

5) Long-walled parabolic dunes + transverse dunes 
1.6) Rake-like parabolic dunes, with several prolongations 
(2) U-shaped dunes — U-shaped, hairpin-shaped, otherwise like para- 

bolic dunes. Usually individual dunes. 


( 
(1 
(1 
(1 
( 
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Fig. 9.13 Parabolic dunes of the nested type in the north-central Al Jafurah Desert. 


A dunefield of smaller parabolic dunes lies to the west and is partly shown here. Image 
width is 2 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


(3) Dikakah (nabkha’; nabkhah; hummock dunes) 

-sand mounds, or hillocks anchored by vegetation grasses or 
shrubs. Mounds, small tapering downwind. Defined by Steineke 
et al., (1958) as “eolian sand terrain dominated by hummocks 
accumulated about small bushes and grass clumps.” 

— Usually in groups. Seen in Al Jafurah, Rub‘ al Khali, Al Mahakik 
and near Tadmur (Palmyra) (Fig. 9.14). 

III. Sigmoidal dunes — A simple sigmoidal dune is S-shaped, sharp-crested, 
steep-sided, recurved and pointed at either end. Slopes range from 10°—24° up 
to the angle of repose 30°—33° on temporary slip faces. Generally formed as 
a product of roughly equal, opposite and alternating winds. They can be 
elongated by the action of a wind parallel to the long axis. 
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Fig. 9.14 Typical dikakah or nabkha’ (nabkhah) in the Sabkhat Muh area, south of 
Tadmur (Palmyra), Syria. The Palmyrene Ranges (Palmyrides) are in the background. 
(Photo credit M. Fukuda 1973.) 


Compound sigmoidal dunes may arise from convergence of several sigmoidal 
dunes with other dune forms: 

1. Linear sigmoidal dunes-sigmoidal dunes that are elongated in one 
direction. 

a. Seif, (saif), dunes — an elongate sigmoidal ridge. Seif or saif is Arabic for 
sword. The dune has been so named (in Egypt) from the resemblance. 
Example: Rub‘ al Khali, north—centre, ‘Urug al Munaijjir (Fig. 9.12). 

b. Simple linear sigmoidal dunes — Like above, frequently formed in 
the wind shadow of a sharp hill, leeward of notches in escarpments, or 
as a second cycle dune, crossing an older cycle obliquely. Example: Rub‘ 
al Khali, south-west, ‘Uruq Bani Ghudayy. (Fig. 9.15). 

c. Complex linear sigmoidal dunes — long, sharp-ridged, high relief, 
with many branching sigmoidal ridges. Example: SW Rub‘ al Khali, Al 
Mundafan (Fig. 9.16). 

2. Amoeboid sigmoidal dunes — usually small, long, with low relief, curv- 
ing away from or toward and often surrounding or radiating from a single 
pyramidal dune, like an amoeba in plan view. Example: Rub‘ al Khali east, 
Al Hamidan area (Fig. 9.17) 
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Fig. 9.15 Simple linear sigmoidal dunes in ‘Uruq Bani Ghudayy area of the south- 
western Rub‘ al Khali east of Al Arid. Image width is 30 km centred at 18.57°N; 45.45°E. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 9.16 Complex linear sigmoidal dunes in Al Mundafan area of the south-western 
Rub‘ al Khali, showing typical, long, sharp ridged sigmoidal dunes with many branching 
sigmoidal ridges. Image width is 33 km centred at 18.43°N and 45.28°E. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 9.17 Amoeboid sigmoidal dunes branching out from star dunes in Al Hamidan 
area of the eastern Rub‘ al Khali. Image width is 30 km centred at 20.2° N and 54.9° E. 
(U. S. Geological Survey Aster VNIR image ID: AST_LIB.003:2017729380.) 


3. Sigmoidal complex dunes — these include many variations and combi- 
nations, usually occurring in great dune complexes, where the dominant 
dune form is sigmoidal, but large in size and relief 
a. Chevron complex — a belt of sigmoidal dunes arranged in V’s or like a 

chevron, with a high ridge where the chevrons meet. The chevrons 
point downwind. The complex may grow to a length of 20 km, and 
3-4 km wide. Example: Rub‘ al Khali north-east (Fig. 9.18). 

b. Oblique sigmoidal complex — sigmoidal ridges grouped in series 
oriented obliquely to the axis of the complex, in alternating ridge 
and valley sequence. The belt sometimes develops small four-sided 
pyramidal dunes, where two or more sigmoidal ridges intersect or 
converge. Example: Ad Dahna near Ar Rumah, ‘Irq al Khuraym 
(Fig. 9.19). 

IV. Linear dunes — (‘irq, pl: ‘uruq, dim: ‘urayq) — compound or complex 
dunes, crescentic or sigmoidal, converged in a linear pattern, belt, group, or 
complex. 

1. Simple, straight, narrow, elongate ridge — crest slightly sinuous, com- 
pare with simple elongate sigmoidal dune. Example: Rub‘ al Khali, 
south—west, Shaqqat al Kharitah (Fig. 9.20, detail in Fig. 7.8). 
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Fig.9.18 Chevron complex sigmoidal dunes in the north-eastern Rub‘ al Khali. Image 


width is 12 km, centred at 23.1° N and 55.3° E. (NASA Landsat 7 image 2000 series, cour- 
tesy of nasa.gov/mrsid/mrsid.pl). 





Fig.9.19 Numerous oblique sigmoidal complex dunes in the ‘Irq al Khuraym area, near 
an ‘irq of Ad Dahna seen as a broad oblique band from top left to lower right. They are sin- 
uous and oblique to the prevailing wind. Image width is 8 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 9.20 Simple straight linear dunes, or ‘uruq, of the Shaqqat al Kharitah in the 
south-western Rub‘ al Khali. Note the very regular spacing of ‘uruq with shuqugq, or inter- 
dune corridors two to three times as wide as dunes. Image width is 40 km centred at 17.8° 
N and 45.50° E. (1994 DLR Synthetic aperture radar image X-SAR9404041.) 


A view of the regularity of dune spacing and of the nature of these large lin- 
ear dunes, or ‘uruq, is seen in a Landsat 7 image of a small part of ‘Uruq al 
Qa’amiyat in the southern Rub‘ al Khali (Fig. 9.22). 

2. Branching, plumate ridges — coalescing downwind into a single dune 
ridge from the plumate end (upwind). They can be formed from crescentic 
dunes in a barchan dunefield or from sigmoidal dunes. Example: Rub‘ al 
Khali, north-west, Ash Shuqqan area (Fig. 9.23) 

3. Linear complexes — (see Sigmoidal Linear Complex) includes all com- 
pound, complex dunes grouped in linear belts, clusters, anfad, or complexes 
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a. Linear ridge and valley complex — with long, broad sand ridge and 
valley up to 200 km in length, in parallel rows, generally spaced at 
less than 2 km amplitude. Height up to 150 m. Upper surface convex, 
often asymmetrical along axis of elongation, with plumate ‘uruq, 
usually of sigmoidal form, with active seif or sigmoidal dunes devel- 
oped on surface. Example: Rub‘ al Khali, south-central, ‘Uruq al 
Qa’amiyat (Figs. 9.21 and 9.22). 

b. Linear belts of pyramidal dunes — belts of pyramidal dunes 
arranged in lines, of simple or complex pyramids, as individual pyra- 
mids not connected, or as joined pyramids, with intersecting area filled 
with sand. Examples: Rub‘ al Khali, south-eastern margin, Ramlat al 
Mitan (Fig. 9.24), and Ramlat Fasad (Fig. 9.35c). 

c. Linear complex of sigmoidal dunes — same as in Fig. 9.16. 





Fig. 9.21  ‘Uruq of the south-western Rub‘ al Khali as seen in an oblique aerial photo- 
graph in the ‘Uruq al Qa’amiyat. Note the smaller linear and branching sigmoidal dunes 
on the ‘uruq. Well-developed zibar appears as cross ridges in the interdunes, or shuquq. 
(Photo courtesy of Saudi Arabian Oil Company 2004.) 





Fig.9.22 Linear ridge and valley complex of giant dunes (uruq) up to 150 m high and 
over 1 km wide separated by broader interdune corridors (shuquq) in the ‘Uruq al 
Qa’amiyat, southern Rub‘ al Khali. Note small sigmoidal dunes on ‘uruq suggesting a sec- 
ondary wind from the east. Image width is 40 km, centred at 17.6°N and 48.1°E. (U. S. 
Geological Survey Aster VNIR image ID:AST_LIB.003:2020801436). 
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Fig. 9.23 Branching plumate dunes, narrowing to a single dune ridge downwind, in 
Ash Shuqqan area of the north-western Rub‘ al Khali. Note the small barchans on lower 
sides of these plumate dunes. On magnification, many old cultivated fields can be seen 
beside now dry widyan. Image width is 20 km, centred at 21.8° N and 48.7° E. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 9.24 Linear belts of pyramidal dunes with slip faces facing north in the Ramlat 
Mitan, south-eastern Rub‘ al Khali. Image width is 25 km. (NASA Large Format Camera 
Image 1984, from Edgell 1989a.) 


d. Linear complex of large crescentic dunes — giant complex crescen- 
tic ‘sand mountains’ in linear belts. Example: Rub‘ al Khali 
north-east, ‘Urug ash Shaybah (Fig. 9.26). 

e. Linear complex of dome-shaped dunes — domed massifs of sand, 
50-150 m high, 1-2 km in diameter, with small sigmoidal ridges cross- 
ing their upper surfaces. Example: Nafud as Sirr, north-eastern margin 
(Fig. 9.27). 
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Fig. 9.25 Pyramidal dunes of the Ramlat Mitan in NW Dhofar, southern Oman. Note 
their distinctive triangular shape. Here the slip faces point west due to easterly winds of the 
winter monsoon. Image width is 10 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 





Fig. 9.26 Linear complex of giant linked crescentic dunes, or megabarchans, in the 
‘Uruq ash Shaybah of the north-eastern Rub‘ al Khali up to 230 m high with stabilized slip 
faces and a network of smaller dunes on their windward slopes. Interdune sabkhah and 
sand sheet show as dark grey areas. Image width is 10 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 9.27 Linear complex of giant dome-shaped dunes in Nafud as Sirr, north-central 
Saudi Arabia. The lines of domes run diagonally from upper right to lower left or NE-SW. 
Note the small sigmoidal ridges on their surfaces and the numerous short radiating ridges 
around each dome. Image width is 8 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 


f. Hooked dunes, simple — like a fishhook with a linear dune or ‘irq as 
the shaft, and a large crescentic dune or barchan as the hook. In early 
stages, the barchan and the ‘irq do not join, but eventually converge 
and become a unit. The shaft or ‘irq may be from 1 to 10 km long and 
20-60 m high. The slip face on the crescent is 20-60 m high and 
usually higher than the ‘irq. The back slope is steep, as in whaleback 
barchans, and bedrock may be exposed at the base of the slip face. 
Example: Rub‘ al Khali east, Al Hibak area (Fig. 9.28). 

g. Hooked dunes with double shaft — two slip faces or more and two 
linear dunes or two ‘irq, forming a double shaft. Crescentic dunes may 
be attached at either end. Example: Rub‘ al Khali, east. Al Hibak area. 
Rare examples are seen on the right side of Fig. 9.29. 

h. Multiple shaft and slip faces — in these more complex forms, there 
are many, closely spaced shafts as well as many slip faces. The relief is 
higher and may be double that of simple hooked dunes. Also, the 
shafts shorten and the slip faces increase in size. They are due to cres- 
centic dunes combining with linear dunes. Holm (1961) makes a sep- 
arate fifth category for hooked dunes, described by the author as 
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Fig. 9.28 Simple hooked dunes in Al Hibak area of the eastern Rub‘ al Khali. Note the 
well-developed zibar in the interdunes. Image width is 18 km, centred at 19.8°N and 
52.6°E. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


‘fishhook dunes’ (Edgell, 1989a), but they are considered a variant of 
linear dunes, since linear dunes form the largest element. Example: 
Rub‘ al Khali, east, Al Hibak area (Fig. 9.29). 

V. Large crescentic dune complexes — Al Liwa’ (Al Jiwa) type; large crescentic 
complexes, taking the shape of a large crescent, with a large slip face on the 
lee side, upper windward surface covered with crescentic or sigmoidal dunes, 
the whole 2 km wide and 60-150 m high, often joined laterally. Example: 
southern UAE, Al Liwa’. 

1. Giant crescentic dune complexes; megabarchans - ‘Uruq ash Shaybah 
type; giant crescentic dune complexes, with shape of a giant crescent, having 
huge lee slip faces, with windward side covered by barchans, barchanoid, or 
sigmoidal dunes. From 2—5 km wide and 70-220 m high (Fig. 9.30). 

Megabarchans are often linked together as seen in Fig. 9.31 from near 
the east north-eastern edge of the Rub‘ al Khali. 

2. Megabarchanoid dune ridges — several or many megabarchans con- 
nected laterally. Example: Rub‘ al Khali, north-east, ‘Uruq al Mu’taridah; 
(Figs. 9.32 and 9.33). 
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Fig. 9.29 Hooked dunes with multiple slip faces and sometimes multiple shafts in Al 
Hibak area of the eastern Rub‘ al Khali. Image width is 30 km, centred at 20.8°N and 
53.1°E. (U. S. Geological Survey Aster VNIR image ID: AST_LIB.003:2006020489) 





Fig. 9.30 Oblique aerial view of a megabarchan in the ‘Uruq ash Shaybah, north- 
eastern Rub‘ al Khali. Note the giant crescentic slip face, and the numerous small barchans 
on the stoss side of this huge crescentic dune, with others in the dune complex. View look- 
ing NE. (Photo courtesy of aramcoexpats.com/Photo 101_713). 
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Fig. 9.31 Aerial view of two linked megabarchans on the eastern edge of the ‘Urug ash 
Shaybah in the north-eastern Rub‘ al Khali. Note the rows of barchans formed at the 
horns of the large megabarchan, and the barchans and dune ridges in the triangular area 
of its stoss slope. (Photo courtesy of aramcoexpats.com.) 


VI. Massive dune complexes -‘Sand Mountains’, qa‘aid, giant dune complexes 
1-5 km in diameter, 60-150 m high, formed of crescentic or sigmoidal 
dunes or both, in compound or complex form, usually making distinct com- 
plex units. 

1. Star dunes or giant pyramidal dune complexes — called ‘star dunes’ 
because of ridges and points radiating from a central point in plan view. 
Called ‘formes pyramidales’ by French authors on Sahara of Algeria (e. g. 
Aufrére, 1931, 1933). Pyramidal form is modified by gently curved ridges 
and surfaces. Dimensions large: 60-150 m high, 0.5-2 km in diameter. 
The pyramidal dune arises from convergence of two or more sigmoidal 
ridges, then becomes relatively stable, and grows by accretion of drifting 
sand and absorption of migrating sigmoidal dunes. Giant pyramidal dunes 
or star dunes, occur wherever the wind beats around the compass. They 
possess numerous, radiating, sharp, steep-sided ridges, which distinguish 
them from small pyramidal dunes. Example: Rub‘ al Khali, east, Al Ghanim 
area (Figs. 9.34, 9.35a and 9.35b). 

2. Dome dunes (Dome-shaped complexes) — large, circular to ovate, dome- 
shaped massifs, convex in profile, broadly symmetrical, bordered by a ring 
of deep, concave hollows, which in turn are separated by convex ridges, 
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Fig. 9.32 ‘Uruq al Mu’taridah, a huge transverse dunefield in the north-eastern Rub‘ al 
Khali, consisting mainly of megabarchanoid dune ridges separated by dark interdune cor- 
ridors, or shuquq. This Landsat 7 image is 170 km wide. (Image courtesy of Image 
Analysis Laboratory, NASA Johnson Space Center.) 


radiating from the upper rim of the massif. Upper surface roughened by an 
intricate pattern of small, closely spaced sigmoidal ridges, which shift ori- 
entation with shifts in winds. They are 1-2 km in diameter, 60-150 km 
high, and usually rather evenly spaced. In most of these, the wind pattern 
is changeable, frequently beats about the compass, or shifts direction at 
random. First described by in 1948 in Nafud as Sirr and Nafud ath 
Thuwayrat (Holm, 1953). Examples: Nafud as Sirr (Figs. 8.2, 8.3 and 
9.27), and Nafud as Sirrah (Fig. 8.14). 

3. Wedge-shaped complexes — dune massifs, 50-150 m high and 1-2 km 
in diameter, shaped like a wedge of cheese, with the high point at the point 
of the wedge. The sides of the wedge may form as slip faces in response to 
strong winds; otherwise, they tend to round off at the top. Upper surface of 
wedge-shaped dunes are covered with small sigmoidal dunes. Example: 
Rub‘ al Khali, south-eastern margin (Fig. 9.36). 


226 Chapter 9 





Fig. 9.33 Megabarchanoid dune ridges of the ‘Urug al Mu’taridah, 100-150 m high, 
southern Ramlat ibn Su’aydan. Small secondary dunes occur on their surfaces. Slip faces are 
directed SE due to a secondary wind from the NW. Dark grey interdunes are mostly conti- 
nental sabkhah. Width of major dune ridges averages 1 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 9.34 Star or pyramidal dunes near the eastern edge of the Rub‘ al Khali in Al 
Ghanim area in rows on low ‘uruq. Image width is 9 km, centred at 21.3° N and 55.28° E. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


Types of desert dunes in Arabia 227 





Fig. 9.35a Aerial view of a massive star dune in the eastern Rub‘ al Khali looking 
north. Note the prominent ridges leading to the apex of the dune. (Photo credit O. Irtem.) 


The dune classification given above is preferred to, rather than more conven- 
tional classifications, because it is based on field observations in Arabia and is also 
a more detailed and objective morphological classification of dunes recognising 
six major classes of dunes, namely: I. Transverse, II. Crescentic, HI. Sigmoidal, IV. 
Linear, V. Large crescentic dune complexes, and VI. Massive dune complexes. 
These are divided into 44 different dune types. The generalized distribution of 15 
different sand dune types within the Rub‘ al Khali Desert from the author’s inter- 
pretation is shown in Fig. 7.19. Zibar dunes are omitted from this map, as they are 
small and present between 75% of the large linear dunes, (‘uruq), and large and 
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Fig. 9.35b View of a star dune in the Ramlat al Ghafah, eastern Rub‘ al Khali. (Photo 
credit D. C. Paget.) 





Fig. 9.35c View of a large pyramidal dune in Ramlat Fasad, south-eastern Rub‘ al 
Khali, southern Oman. 
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Fig. 9.36 Wedge-shaped dunes on the southern edge of the Rub‘ al Khali, in Ramlat Umm 
Gharib. Image width is 6 km; centred at 18.2° N and 49.59° E. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


small pyramidal dunes are not separated. Many of the larger linear dunes, or 
‘uruq, have sets of smaller magnitude dunes on their surfaces, possibly associated 
with two scales of atmospheric turbulence (Warren, 1979), although the smaller 
dunes are often of a different type, such as small barchans on the large, linear 
megadunes of ‘Urug al Muwarid. Dune types and their occurrence in the Great 
Nafud and adjoining nafud area of the northern Dahna and Nafud Mazhur are 
shown in Fig. 7.26. The nafud areas near Buraydah, such as Nafud ath 
Thuwayrat and Nafud as Sirr, have been already illustrated in the chapter on 
‘Lesser Dunefields’. The original Fig. 7 of Holm’s (1961) report showing the dis- 
tribution of five major dune types in Saudi Arabia is reproduced here (Fig. 9.37), 
as it has already appeared in Fairbridge (1968), Al-Hinai et al., (1987) and Watts 
and Al-Nafie (2003), who do not state its origin. 


9.2 HOLM’S DUNE CLASSIFICATION 


In a widely distributed, unclassified, and unpublished report by Holm (1961) a 
system of dune classification was outlined based on his field work and air photo 
interpretation over the interval 1948-1962. It is basically a descriptive system 
based on dune shape, and broad categories of this classification appear in his map 
of sand dunes in Saudi Arabia already published by Fairbridge (1968). In the 
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Fig. 9.37 Distribution of five major types of sand dunes in Saudi Arabia (After Holm, 
1961, Fig. 7, courtesy of the Saudi Arabian Oil Company). 


report, Holm (1961) recognizes and names a variety of dune types with descrip- 
tive terms, such as ‘tear-drop dunes, tadpole dunes, or wedge-shaped dunes, 
which are used here. Appropriate credit should be given to Holm for this 1961 
report and the more than 30 different dune types, which he recognizes, only 
some of which are mentioned in his published papers of 1953, 1960, and 
1962. The many distinctive dune types, which he recognized are largely incor- 
porated in the classification given here in section 9.1. 


9.3 BRAMKAMP’S DUNE CLASSIFICATION 


In preparing the U.S. Geological Survey Miscellaneous Geological Investigations 
Map Series for Arabia, Bramkamp adopted a simplified dune classification with 
the four classes quoted as follows from Powers et al., (1966): 
“1. Transverse: Predominantly simple and compound barchan dunes in areas 
of more mobile sand and/or simple rounded ridges, oriented transverse to 
the prevailing wind direction; 
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2. Longitudinal: Primarily dikakah (bush- or grass-covered sand) and vari- 
ous types of undulating sand sheets, in general characterised by elonga- 
tion of the individual forms parallel to the prevailing wind direction, often 
partly stabilised by sparse vegetation; 

3. ‘Uruq: Various forms of long, nearly parallel, sharp-crested narrow sand 
ridges and dune chains separated by broad sand valleys usually including 
elements of Type 1 sand terrain. These forms are the resultant of a system 
of two dominant wind directions and are identical to the sayf (seif) dunes 
of north Africa; and 

4. Sand mountains: Dominated by large sand massifs commonly cresting 
50-300 m above the substratum, often with superimposed dune patterns 
consisting of various types of complex barchans. Common forms are giant 
barchans spanning several kilometers from horn to horn, giant sigmoidal 
and pyramidal sand peaks, as well as other less common peak forms and 
giant oval to elongate sand mounds.” 

This simplified system may have been practical for mapping, but it ignored the 
many different types of dune forms, as earlier proposed by Holm (1960, 1961), so 
that well-known dune forms, such as parabolic dunes, dome dunes and star 
dunes, are not properly included. Bramkamp’s classification was used extensively 
in U.S. Geological Survey geological mapping of Saudi Arabia and appears as 
small roman numbers on their 1,500,000 scale map series, and even on the 
1,2000,000 scale geological and geographical maps of the Arabian Peninsula. 


9.4 BESLER’S DUNE CLASSIFICATION 


In her 1987 paper on ‘Enstehung und Dynamik von Dünen in warmen Wüsten’, 
Besler divided sand dunes of warm deserts into primary dunes and secondary 
dunes. Primary dunes are subdivided into fixed dunes and free dunes. Fixed dunes 
include hummocky dunes, nabkha’ (nabkhah) and lee dunes. Free dunes are 
divided into cross or transverse dunes (querdtinen) and longitudinal dunes (langs- 
diinen). Cross dunes include barchans of various types, barchan-draa of the Liwa’ 
(megabarchans), aklé dunes and transverse dunes in a strict sense. Longitudinal 
dunes are draa (reisendiinen), seif dunes (sif) and zibar. Among secondary dunes, 
she includes lattice dunes (gitterdtinen) and star dunes (sterndiinen). 


9.5 FEDOROVICH’S DUNE CLASSIFICATION 
AND RELIEF TYPES 


A classification of sand relief types or dunes, according to morphology, wind con- 
ditions and wind circulation processes, was made by Fedorovich (1948, 1967), 
based on observations in the Kara Kum Desert of central Asia. It provides a useful 
division of sand dune types according to origin and is shown here in Fig. 9.38. 
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Fig. 9.38 Sand relief forms or dune types (after Fedorovich, 1948, 1967) with explana- 
tion of types given in Section 9.4. 


A. Barchan sands (mostly of tropical deserts). I. Trade-wind type (with winds of the 
same or closely similar directions): 1 — sand shield; 2 — embryonic barchan; 3 — 
crescentic symmetrical barchan; 4 — non-symmetrical barchan; 5 — rows of 
barchans parallel to the wind; 6 — compound longitudinal barchan chains. II. 
Monsoon-breeze type (with winds from opposite directions): 1-groups of 
barchans; 2 — simple barchan chains; 3 — compound barchans; 4 — compound 
barchan chains. III. Convection and interferential types (with a system of winds of 
equal force and with winds of mutually perpendicular directions): 1 — barchan 
cirques; 2 — pyramidal barchans; 3 — crossed compound barchans. 

B. Sparsely overgrown sands (mostly of non-tropical deserts). 1. Trade-wind type: 
1 — initial hammocks on shrubs; 2 — small ripples; 3 — ridgy sand (parallel to 
the wind); 4 — wide ridgy sands. II. Monsoon-breeze type; 1 — ridgy-alveolar 
sands (one strong predominant wind); 2 — alveolar sands; 3 — rake-type trans- 
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verse ridges (slightly predominant wind of one direction); 4 — transverse 
asymmetrical ridges. HI. Convection and interferential types: 1 — honey- 
combed sands; 2 — coarse honeycombed sands; 3 — pyramidal sands; 4 — retic- 
ulated sands. 

C. Dune sands (non-desert zones). I. Trade-wind type: 1 — coastal ridges; 2 — para- 
bolic dunes; 3 — hairpin-like dunes; 4 — paired longitudinal dunes; 5 — com- 
pound parabolic dunes. II. Monsoon-breeze type: 1 — small crescentic dunes; 
2 — large crescentic dunes; 3 — compound crescentic dunes. III. Convection and 
interferential types: 1 — isolated small circular dunes; 2 — swarms of circular 
dunes; 3 — compound circular dunes. 


9.6 BRGM DUNE STUDY AND CLASSIFICATION, 
EASTERN PROVINCE, SAUDI ARABIA 


A typological study of aeolian cover in the ‘Ain Dar-Al Hofuf area of the Eastern 
Province of Saudi Arabia by members of the Bureau de Recherches Géologiques 
et Miniéres (BRGM), distinguished barchans, aklés, fish-scale dunes, linguoid 
dunes, dunes in giant scales, chevron dunes, nebkhahs and plumes (Berthiaux 
and Fourniguet, 1983). 


9.7 U.S. GEOLOGICAL SURVEY DUNE 
CLASSIFICATION 


The U. S. Geological Survey (USGS) recognizes five basic types of dunes: crescen- 
tic, linear, star, dome and parabolic. Other dunes types recognised by the USGS are 
barchans, megabarchans, barchanoid, megabarchanoid, transverse, reversing, 
climbing, falling, lee/shadow, lunette, coppice, and vegetation mounds. 


9.8 DUNE CLASSIFICATION OF AHLBRANDT 
AND FRYBERGER 


Ahlbrandt and Fryberger (1982) recognised five basic dune forms on the basis of 
the number of slip faces. Those with O slip faces include: sand sheets, sand 
stringers and dome dunes. Dunes with 1 slip face comprise barchan dunes, 
barchanoid dune ridges and transverse ridge dunes. Sand dunes with 1 or more 
slip faces consist of blow-out dunes and parabolic dunes. Those with 2 slip faces 
include: reversing dunes due to wind reversal and linear (seif, longitudinal) dunes 
with wind from two directions during the year. Dunes with 3 or more slip faces 
are star dunes, where winds are from several directions during the year 
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9.9 TSOAR’S DUNE CLASSIFICATION 


In an article on ‘Types of Aeolian Sand Dunes and Their Classification’, Tsoar 
(2001) classifies active dunes by movement into three types: (1) migrating dunes, 
like transverse dunes and barchans, (2) elongating dunes, such as linear dunes, 
and (3) accumulating dunes, like star dunes. Tsoar also classifies sand dunes into 
a further three types, namely: (A) dunes accumulated and controlled by topo- 
graphic barriers, including echo dunes, lee dunes and falling dunes, (B) self- 
accumulated dunes, including transverse dunes and barchans, as well as linear 
seif dunes, reversing dunes and star dunes, and (C) vegetated dunes, including 
vegetated linear dunes, parabolic dunes, and foredunes of sandy beaches. 


9.10 SOME ARABIC TERMS FOR DUNES 


The Arabs who live among or near to sand dunes and regularly cross them with 
their camels have developed quite a detailed terminology in their own language 
for different kinds or parts of dunes and nearby terrain. There are at least 72 such 
terms, some of which are already widely used in dune terminology, such as nafud, 
‘uruq, ‘irq, seif, khait, zibar, qa‘’’id, dikakah, nabkha’ and shuquq. In Eastern 
Arabic, the term sartg is sometimes used for interdune instead of shuquq. Terms 
like ‘draa’ come from North African Arabic, while barchan comes from the word 
‘barghan’ meaning ‘progressing’ in east Turkic. Dikakah, often called nebkha 
(more properly, nabkha’) meaning grass- or scrub-covered dune sand occurs in 
many parts of Arabia, near Abqaiq, Abu Hadriyah, SE border of the Rub‘ al Khali 
and around Palmyra (Tadmur), in aeolian sands at Jabal Barakah and in small 
dunes on the Sabkhat Matti in the United Arab Emirates, in south-eastern 
Qatar. Numerous plant root moulds or rhizoconcretions are often present 
(Glennie and Evamy, 1968). More details of Arabic terms for dunes, including 
those used by the Bedouin, are included in the appended Glossary of Arabic Terms 
for Arabian Deserts. Interdunes are called shuqug (singular shiq, sometimes pro- 
nounced shuq), rather than the English term, swales, which refers to the very 
much smaller interdunes seen in coastal dunes in England. 


9.11 DUNE CYCLES 


There is some evidence for the presence of several cycles of dunes. East of Al ‘Arid 
escarpment and the back slope of the Tuwayq escarpment, in the western Rub‘ al 
Khali, the older cycle consists of east-west dune ridges. A younger cycle of 
smaller, linear, sigmoidal, dune ridges crosses the east-west dunes diagonally 
(Fig. 9.39). 

In the north-eastern Rub‘ al Khali, it appears that the giant megabarchans of 
the ‘Uruq al Mu’taridah and ‘Uruq ash Shaybah formed at an early stage. The arc 
of barchanoid dune ridges in Al Liwa’ came later, and are advancing southward 
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Fig. 9.39 Two cycles of dunes appear on this image of the south-western Rub‘ al Khali, 
just east of Al Arid scarp. The main dune set trends approximately E-W, while another set 
of smaller dunes of a later cycle trends NE-SW, and is most clearly seen in the upper part 
of the image. Image width is 15 km; centred at 19.9°N and 45.3°E. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


on the older, more stable megabarchans. A third set of dunes lie farther north 
between Al Liwa’ and the coastal dunes, while the coastal dunes are the youngest 
and form the fourth cycle. This partly explains the relatively young age from 13.5 
to 6.1 ka BP for a 17 m high, near-coastal dune at Awafi, on the north-eastern 
edge of the Rub‘ al Khali, (Goudie et al., 2000), with a vertical accumulation rate 
of 3.3 m/ka. The western edge of the Rub‘ al Khali, from Al Jafurah south—west to 
20°N, is another example, where there are alternations of sand and no sand, sug- 
gesting a decreased sand supply and a younger age, since the main sand supply 
from the dry Persian Gulf may have been cut off. Al Jafurah Desert sands are much 
younger than those of Ad Dahna, or those of most of the Rub‘ al Khali. Anton and 
Vincent (1986) date parabolic dunes of the Jafurah, north of Ra’s al Qurayyah as 
younger than 4,000 years BP. In An Nafud sand sea, at least four generations of 
sand dunes can be recognised, beginning with white palaeodunes older than 
1.2 Ma, followed by stable transverse dunes formed 30-40 ka BP, then longitudi- 
nal dunes formed 22-10 ka BP, and lastly 6.5 ka to present-day active dunes. 
Amongst the dunes of the Rub‘ al Khali, the grouping of OSL dates already 
suggests as many as seven dune-forming intervals. These are: (1) Mid Holocene 
dunes of Al Liwa’ formed 3.2-6.8 ka BP, (2) coastal dunes 9—13.5 ka, (3) Late 
Pleistocene dunes of the LGM formed 18-22 ka BP, (4) mid Late Pleistocene 
dunes formed around 40 ka BP (34-64 ka BP according to Lancaster et al., 
2003), (5) Late Middle Pleistocene dunes formed from 121 to 164 ka BP, (6) 
Middle Pleistocene palaeodunes exist in the western UAE dated to 160 and up to 
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250 ka BP (Hadley et al., 1998), and (7) sand dunes found in alluvial fans of 
interior Oman dated at 354 ka BP. 

In the Ramlat al Wahibah Preusser et al., (2002) have recognised six dune- 
forming intervals over the last 160,000 years based on 74 luminescence dates 
from two sediment cores in the north and outcrop samples at Al Jabrin. They are 
(1) Historic 700 years BP, (2) Late Holocene 2 ka BP, (3) Late Pleistocene 18-22 
ka BP (MIS 2), (4) mid Late Pleistocene 64-78 ka BP (MIS 4), (5) early Late 
Pleistocene 100-120 ka (MIS 5d), and (6) Late Middle Pleistocene 140-160 ka 
(MIS 6). These are slightly different from intervals of dune activity for the Ramlat 
al Wahibah given by Radies et al., (2001) on the basis of OSL dates as: (1) pres- 
ent day to 2 ka BP, (2) 9-35 ka BP, (3) (MIS 4) 50-70 ka BP, (4) (MIS 5a) 90 ka 
BP, (5) (MIS 5d) 119-115 ka BP and (6) 130-160 ka BP. Radies is a joint author 
with Preusser and Matter of the later work by Preusser et al., (2002). 


9.12 INTERDUNES, OR SHUQUQ 


The significance of interdune deposits is in the sand seas and dunefields of Arabia 
is that they often reflect the climatic history of the dunes themselves. Old lake-beds 
and fluvial gravels in interdunes attest to previously more humid conditions, while 
evaporites in interdunes may indicate previous or present arid conditions, as well 
as presence of a shallow saline groundwater table. There are various types of inter- 
dunes, and a broad division into those caused by deflation or by deposition has 
already been made by Ahlbrandt and Fryberger (1981). It is also possible to con- 
sider the profile and relative width of the interdune in relation to the adjacent 
dunes, as well as the outline of the interdune. Some interdunes are quite enclosed, 
as between the crescentic megabarchans of Al Batin and the ‘Uruq ash Shaybah, 
where they are locally called ‘jaww’ (meaning a low or depressed ground), while 
others run for hundreds of kilometres as between two railroad tracks of adjacent 
large, linear dunes or ‘uruq. The following types of interdunes are recognised: 


A. Deflationary interdunes, where wind scour has removed much sand between 
dunes. 

1. Interdunes with bedrock exposed between dunes Examples of bedrock exposed in 
interdunes are: (a) in the Ramlat al Ghirbaniyat, eastern Rub‘ al Khali, where 
Miocene ‘Lower Fars’ (Gachsaran Formation) occurs in the interdunes, (b) in 
north-eastern Ad Dahna between Rumah and Ma’aqala, where Paleogene 
Umm er Radhuma Formation limestones crop out between the ‘uruq and (c) 
south—western Nafud ad Dahi, where Permian Khuff limestones form the 
floors of interdunes. 

2. Quaternary gravels between dunes as evidence of former fluvial activity 
Examples are: (a) Shaqqat Najran, where gravels of the formerly more 
active Wadi Najran drainage system occur between the ‘uruq, (b) Ash 
Shuqqan area, north-western Rub‘ al Khali, where Quaternary gravels of 
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the old Wadi ad Dawasir drainage system are found between the plumate 
dunes, and outlines of former cultivation patches indicate moister condi- 
tions in the Iron Age (Fig. 9.23) and (c) southern Al Jafurah Desert, where 
Quaternary gravels occur between barchanoid dunes. 

. Old lake beds in the interdunes. Examples are: (a) southern An Nafud in the 
Jubbah area, where Late Pleistocene lake-beds dated at 25,620 years BP 
occur in the interdunes (Fig. 7.17), as well as Early Holocene lake beds 
dated at 6,685 years BP, (b) Al Mundafan area of the south—western Rub‘ 
al Khali, where McClure (1976, 1978, 1984) identified interdune lake 
beds of Late Pleistocene from 36,300 to 17,460 years BP between pre- 
existing dunes and Early Holocene lake beds from 9,605 to 5,890 years BP. 
. Palaeodunes exposed in interdunes, where all interdune sand was deflated. 
Examples are: (a) south-western An Nafud, where ancient white dunes 
older than 1.2 Ma occur in interdunes (Thomas et al., 1998), and (b) north- 
ern Rub‘ al Khali in the western UAE, where calcareous palaeodunes of the 
Late to Middle Pleistocene Ghayathi Formation are found in interdunes 
between Madinat Zayed and Bu Hasa area, while ancient interdune sand- 
stones of the Aradah Formation, coeval with the Ghayathi Formation, 
occur in modern interdunes in Al Liwa’ (Hadley et al., 1998). 

. Duricrust-filling interdunes, after accumulating in Late Pleistocene and Early 
Holocene humid phases Examples are: (a) north-eastern An Nafud at Khabb 
Sahha and to its south, where grey to brown sandy calcareous duricrust 
occurs in interdunes and (b) north-western Nafud al Mazhur, where simi- 
lar calcareous duricrust is found in interdunes. 

. Sand sheet in interdunes, where most loose sand has been swept into adjacent 
dunes Examples are: (a) Shaqqat al Kharitah in the south-western Rub‘ al 
Khali, where interdunes from 3 to 5 km broad are floored by sand sheet and 
(b) ‘Urug al Qa’amiyat, on the south-western border of the Rub‘ al Khali, 
where 1 km wide interdunes have floors of thin sand (Fig. 9.22). 

. Sabkhah in interdunes, generally due to the proximity of saline groundwater to 
the surface Interdunes of this type have rather flat floors controlled by the 
shallow groundwater table. Examples are: (a) ‘Uruq al Mu’taridah, in the 
eastern Rub‘ al Khali, where a great many interdunes are floored by conti- 
nental sabkhah and (b) Al Liwa’-Al Batin area of the southern UAE, where 
many closed depressions, known as ‘jaww’, have interdune floors com- 
posed of sabkhah. 

. Halite in interdunes is not uncommon where groundwater has remained very 
saline A good example is seen north of Al ‘Uqayr, near the north-eastern 
coast of Saudi Arabia. 


. Depositional interdunes largely occur, where there is an excessive sand supply 
or where winds are not strong enough to sweep all sand into nearby dunes. 
Types are: 

1. Interdunes with repetitive crescentic slip faces of the barchan type Examples are: 


(a) north-central An Nafud, where excess sand is found in the interdunes, 
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and attempts by the westerly winds to remove it result in a series of regu- 
larly repeated crescentic slip faces and hollows (falq) in interdunes 
(Fig. 7.21) and (b) eastern Ramlat as Sab’atayn, where the same pattern of 
regularly repeated crescentic slip faces occurs in interdunes (Fig. 7.35b). 


. Interdunes with numerous well-developed seif dunes. Examples are: (a) north- 


ern Ramlat Al Wahibah, where relatively narrow interdunes tend to con- 
tain numerous, closely-spaced, seif dunes, parallel or slightly oblique to 
the adjacent dunes, which are themselves covered with similar long seif 
dunes (Fig. 7.41), and (b) central-southern Ramlat as Sab’atayn, where 
similar long, slightly oblique seif dunes tend to fill interdunes as deposi- 
tional interdune features (Fig. 7.36). 


. Interdunes with very numerous, dominant zibar. An example is seen in Al 


Munajjar area of the north-central Rub‘ al Khali, where there are so 
many zibar that they fill interdunes (Fig. 9.12), and between hooked dunes 
in Al Hubak area (Fig. 9.28). 


. Interdunes with dominant dikakah An example is Al Mahakik area of the 


southern Rub‘ al Khali, where hummocks of sand held by clumps of vege- 
tation and plant roots occur in the interdunes. This dikakah or nabkha’ 
development blocks sand removal. Dikakah reported in the Jabal Barakah 
area of western UAE (Glennie and Evamy, 1968) has been shown to be 
Miocene mangrove roots (Whybrow and McClure, 1981). 


. Interdunes with dominant vegetation blocking sand removal. These are often 


filled with Calligonum comosum and Cyperus conglomeratus impeding sand 
transport. An example is seen in the interdunes of Ramlat Umm al Hait 
(literally ‘Sands of the Mother of Life’) near the south-eastern border of 
the Rub‘ al Khali. 


Chapter 10 





Sources of sand for Arabian 
sand dune deserts 


10.1 SAND SOURCES FOR THE RUB‘ AL KHALI 
DESERT 


Many geologists have asked “Why is there such a huge amount of siliceous sand 
in great sand dune deserts like the Rub‘ al Khali, when almost all surrounding 
outcrops consist of carbonates?” It was always understood that active sand dunes 
of southern Arabia were moving in general from north-east to south-west under 
the influence of the Shamal, but areas of outcrop in the interior Oman, interior 
UAE and Qatar are also predominantly limestones. Holm (1960) considered that 
“The primary sources (of dune sand) are crystalline rocks exposed in the uplands 
of the peninsula. From them, widyan carry alluvium to flood plains, where aeo- 
lian processes winnow out the sand and transport it.” It is interesting to see that 
Holm (1961) also wrote “The sources of sand in the Rub‘ al Khali have been con- 
sidered as lying upwind, in the regions which were undergoing erosion before and 
during the Pleistocene. When the sea level was low during glacial maxima, much 
more land area was exposed to aeolian erosion. When the sea rose to high levels 
during the interglacial stages there was less land area exposed and accordingly, 
less sand was available. Thus, it is possible to see a relationship between the eusta- 
tic changes of sea level in the Arabian Gulf region and the several waves of sand 
that moved into the Rub‘ al Khali.” Holm does not refer to the author of this cor- 
rect concept, as he goes on to write that there had been three great invasions of 
the land during the Quaternary, so that sand was concentrated by longshore cur- 
rents in beach ridges, later reworked into the dunes of the Rub‘ al Khali. His idea 
of raised sea levels as high as +150 m was restated by Glennie (1970) and Hotzl 
et al., (1978), but disproved by McClure and Vita-Finzi (1982), who showed a 
Quaternary terrace was only a maximum of 3 m above present mean sea level 
some 3,700-6,000 years ago. McClure (1978, 1984) suggested that the source 
of the Rub‘ al Khali dune sand was large, Pliocene, alluvial fans. These had formed 
when streams draining the Arabian Shield breached the flanking sedimentary 
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escarpments. He states that “Quaternary sediments of the Rub‘ al Khali are there- 
fore basically reworked Pliocene alluvial sediments” (McClure, 1978), and later 
declared that “the Rub‘ al Khali sands formed almost in situ” (McClure, 1984). 
The author considered that alluvium and wadi material from the once dried or 
shrunken Arabian Gulf was blown southward by the prevailing Shamal winds to 
provide much of the sand now present in the great sand dunes of the Rub‘ al 
Khali Desert, during a Pleistocene glacial interval from 17,000 to 25,000 years 
BP when sea level was lowered by up to 120 m. (Edgell, 1989a). Similar ideas 
were expressed by Glennie (1998) who wrote, “At the peak of the last glaciation 
(about 18 ka BP), when global sea level was 120 or 130 m below the present sea 
level, the Arabian Gulf was dry as far as the Strait of Hormuz, where the com- 
bined Tigris-Euphrates River issued into the Gulf of Oman. The southern Arabian 
Gulf was then the site of sand dunes migrating towards the Emirates.” In a paper 
on ‘Mechanisms for the formation of sand seas,’ Fryberger and Ahlbrandt (1979) 
concluded that (1) “present-day wind regimes have sufficient energy to move geo- 
logically significant amounts of sand for long distances,” and (2) “sand piles up to 
form eolian sand seas in areas of low total or resultant wind energy.” Besler 
(1982) writing on the dunes of the north-eastern Rub‘ al Khali in the UAE, con- 
cluded from granulometric and morphoscopic evidence, that one source of sand 
had been the nearby Oman Mountains. This seemed not unreasonable as so many 
sediment-bearing widyan descend into the eastern Emirates and Ordovician 
quartzites are exposed in the northern Al Hajar. Wadi Ghail erodes an inlier of 
well-bedded quartzitic sandstone of the Ordovician Amdeh Formation, which is 
up to 3,420 m thick and there is evidence from the subangular nature of some 
sands that they were transported only short distances, and were probably derived 
from the Oman Mountains (Besler, 1982). Some of the southern sands of the UAE 
were thought to come from local Tertiary sandstones and from a near coastal, 
brown, quartzose (25-45%), carbonate sand described by Evans et al., (1969). 
Besler (1982) considered that “the majority may have come from the huge allu- 
vial Rub‘ al Khali fan from the west.” Pugh (1997) also thought that most of the 
quartz and feldspar found in dunes of the central UAE came from alluvial sedi- 
ments of Pliocene or younger age, with the addition of some marine carbonates 
and minor evaporites. Ahmed et al., (1998) concluded, from a mineralogical 
study of Quaternary sand dunes in the UAE, that the source of sands was most 
probably the Tertiary fold belt of the Zagros and Oman Mountains, with some 
minor local contributions. From textural studies of dune sands of the northern 
Rub‘ al Khali in the UAE, Alsharhan et al., (1998) stated that the source of the 
sand for this desert lay in southern Iraq and northern Saudi Arabia. From 
sedimentological studies of aeolian sand dunes in the eastern part of the UAE, 
El-Sayed (1999) concluded that these sands were mostly derived from ophiolitic 
rocks of the Oman Mountains, acidic rocks of Iran and from the coastal area of 
the UAE. While the ophiolites of the Oman Mountains do not have high quartz 
content, the Ordovician Amdeh and Ran Formations of the Oman Mountains are 
quartzose. After studying and dating sand dunes in the north-eastern Emirates, 
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Goudie et al., (2000) concluded that dune formation was rapid at 3.3 m/ka and 
that sediment was transported landwards in the latest Pleistocene transgression 
from 9 to 13 ka ago, while in some dunes (e.g. at Idhn in eastern UAE) dune for- 
mation in the last 1,000 years was due to vegetation destabilization by increasing 
human occupation. These are, however, small dunes and not comparable with 
the giant megabarchans and very large linear, ‘uruq dunes of the main part of 
the Rub‘ al Khali, which have been long established and must have formed at least 
in the Late Pleistocene and, indeed, dating of older aeolian sequences sands show 
that aeolian activity predates 300 ka BP (Singhvi et al., 2001). It has been sug- 
gested that dune formation may have begun some 700 ka BP (Edgell, 1989a), and 
could have begun in a northern glacial phase as early as 880 ka (Fig. 20.7). 
Luminescence dating of northern Rub‘ al Khali dunes in Al Liwa’ area of the 
southern Emirates has shown that the main intervals of dune formation were 
141, 116, 40, 20, 12 and 6-4 ka BP (Lancaster et al., 2003), although 72 m of 
cored dune sand accumulated from 6.8 to 3 ka in a large dune in Al Liwa’ (Bray 
and Stokes, 2003). There is still insufficient dating of the much larger dunes of 
the main part of the Rub‘ al Khali. The dunes of the northern Rub‘ al Khali Desert 
mainly formed during intervals of low sea level during Quaternary glacial max- 
ima from sediment blown from the dried Persian Gulf when wind activity was 
much greater than present. What sediment in a dried Persian Gulf could have 
contributed such vast amounts of sand? Glennie and Singhvi (2002) attribute the 
sand source to an extended Tigris-Euphrates river system, but overlook the fact 
that the river systems of the high Zagros Ranges in Iran, such as the Karun River 
(Rud-e Karun), even today supply most sediment, and a much greater water flow 
to the Persian Gulf (Figs. 10.1a and 10.1b), and that most sand-size clastic sedi- 
ment is trapped in the subsiding Shatt al Arab delta. Generally only muddy sedi- 
ment enters the northern Persian Gulf, as seen by the turbid waters (Fig. 10.1a) 
and by the large mud islands, such as Warbah, Bubiyan and Abadan islands, 
which have been formed by the waters of the Tigris, Euphrates and Karun rivers. 

We have to look at Persian Gulf sedimentation and regional stratigraphy to 
understand the sources of huge amounts of basically quartz sand. The present- 
day distribution of sediments in the Persian Gulf does not reveal any abundance 
of quartz sand as shown by the studies of Emery (1956), Houbolt (1957), 
Sarnthein (1970, 1971, 1972), Sarnthein and Walger (1973), Wagner and van 
der Togt (1973), and Seibold et al., (1973). A wide area of the Emirates offshore 
is typified by calcareous sediments and hard rock bottoms, while areas on the 
Iranian side are predominantly mud. In 1960, the author carried out a marine 
coring project in the Persian Gulf using a Kullenberg corer with a 15-foot core 
barrel. On the Iranian side, almost all cores were of argillaceous material and a 
few core barrels could not be retrieved from the clayey mud, while on the south- 
ern side of the Gulf core barrels often buckled against the hard calcareous bot- 
tom. No significant amounts of quartz sand material were recovered. There are 
quite extensive sands offshore from Qatar, but they are generally calcareous 
sands, and large areas of such sands have been shown to exist in the Persian Gulf 
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Fig. 10.la The Tigris and Euphrates rivers join (as seen in the upper mid left) to form 
the Shatt al Arab waterway, but the Karun River (seen as a winding dark course in the 
upper middle) contributes mostly sediment and several times as much water flow (24.7 
km? annual discharge). Sediment turbidity can be seen entering the northern Persian Gulf, 
although it is predominantly mud. Image width is 300 km. (Image courtesy of Image 
Analysis Laboratory, NASA Johnson Space Center.) 


offshore from north-eastern Saudi Arabia, north of Bahrain and, especially, 
north and north-east of Qatar, as well as in offshore Abu Dhabi (Wagner and van 
der Togt, 1973). Although the modern sediments in the Persian Gulf do not now 
present a promising source of medium to fine-grained quartz sand, there are sev- 
eral pointers to the Gulf as the source area. These include observations by Shinn 
(1973) on the rate of south-easterly drift of a barchan dunefield of quartz sands 
in the south-eastern corner of Qatar, whose source of supply has been cut off by 
the rise in sea level since the Last Glacial Maximum (LGM). Also, submarine sand 
dunes have been said to exist in the north-western Gulf, where Sarnthein (1972) 
found elongated linear dunes trending NW-SE composed of ooid sand. Linear 
NW-SE trending submarine ridges in the northern Persian Gulf are shown on the 
British Admiralty bathymetric chart for Khawr Amaya area south-east of Al Faw 
and the Shatt al Arab delta. These have been interpreted as submerged 
levees (Edgell, 1986) and are probably the submerged dunes of Sarnthein (1972). 
Definite submerged dunes are reported in the Gulf of Bahrain by Al- Hinai et al., 
(1987) (Fig. 10.2), and Glennie (2005) has further drawn attention to the 
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Fig. 10.1b The lower Shatt al Arab delta, with the actual Shatt al Arab marked by a 
dark grey course from top left corner to lower mid left. Basrah is seen on the west of the 
Shatt al Arab at mid left. The large active delta on the lower mid right, being built out by 
the Karun River shows the much more active sediment contribution by that river, while the 
Jarrahi River (Rud-e Jarrahi) appears with a bird’s foot delta in the upper right quadrant 
above Bandar Mashur, with additional sediment deposition. Image width is 150 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


south-eastward drift of quartz sands across the Qatar Peninsula, from the Persian 
Gulf and Gulf of Salwah, as has the author (Fig. 10.2). 

The subsiding Shatt al Arab delta seems to have trapped sediment from the 
Karun, Tigris and Euphrates. Considerable dust deposition occurs in the northern 
Persian Gulf at a rate of 2.1 cm/year (Kukal and Saadallah, 1973), but only 
a fraction of this is quartz sand. It has been shown that the main sources of 
fluviatile, terrigenous sediment for the Persian Gulf have been the many 
smaller streams from Iran draining the Zagros Ranges (Hartmann et al., 1972; 
Sarnthein, 1972; Melguen, 1973; Seibold et al., 1973). During the known 
Quaternary wetter semi-arid phases from 33 to 19 ka and from 10 to 5.5 ka rain- 
fall was not only plentiful in Arabia, but was much higher in nearby southern 
Iran, causing greatly increased erosion and deposition of thick deltas over 
100 km long composed of terrigenous sandy material by the Rud-e Hilla (Rud-e 
Hilleh), Rud-e Mand (Rud-e Mund) and Rud-e Mehran (Fig. 10.3). Arabia is often 
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Fig. 10.2 Submerged dunes in the southern Gulf of Bahrain offshore from Al ‘Uqayr, 
in north-eastern Saudi Arabia. There are some 36 submerged dunes along 70 km of 
coastline extending 15 km offshore. It is suggested that these are palaeodunes cemented 
prior to 10,000 years ago when sea level rose (After Al-Hinai et al., 1987, International 
J. Remote Sensing 8(2):251-258, reproduced by permission of Taylor & Francies Ltd., 
http://www.tandf.co.uk/journals). 





looked at in isolation and it is frequently forgotten that the highest, most rapidly 
eroded ranges are the Zagros Ranges immediately north of Arabia. 

These rivers and many others from the high Zagros Ranges carried much 
sandy sediment from the almost 3,000 m thick, Late Miocene to Pliocene, Agha 
Jari Formation (James and Wynd, 1965). This thick formation is widely exposed 
throughout southern Iran consisting of sandstone (Fig. 10.4) and minor 
interbedded siltstone, and was probably a major source of much of the quartz 
sand in the great dunes of the Rub‘ al Khali desert, although its reworked sedi- 
ment were first deposited in the Persian Gulf before being blown into dunes. 

The thick, Late Pliocene Bakhtiari Conglomerate, up to 2,350 m thick and with 
a matrix of sand, occurs widely throughout the Zagros Ranges, and sheds clastics 
into the foothills and Persian Gulf, so that it is also a probable source of much of 
the sand accumulated in the Gulf and later blown into the Rub‘ al Khali 
(Fig. 10.5). 

Streams flowing to the Persian Gulf also eroded the sandy, Late Miocene Hofuf 
(Fig. 10.6) and Early Miocene Hadrukh Formations on the Arabian side, as well 





Fig. 10.3 The Rud-e Mehran brings sediment into the Persian Gulf from the rugged 
Zagros Ranges. It produces a delta of clastic sediment projecting into the northern Persian 
Gulf as shown on this air photo. Width of the air photo is 30 km. (Based on fieldwork and 
air photo interpretation by H. S. Edgell.) 





Fig. 10.4 Agha Jari Formation sandstone of Late Miocene to Early Pliocene age is wide- 
spread throughout southern Iran and a probable source of much quartz sand of the Rub‘ 


al Khali. This exposure is from near the town of Agha Jari and shows honeycomb weath- 
ering. (Photo by H. S. Edgell.) 
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Fig. 10.5 The thick Pliocene Bakhtiari Conglomerate with a quartz sand matrix, 
exposed in its type section near Godar Landar, in south-western Iran. (Photo by H. S. 
Edgell.) 


as the sandy Late Miocene Shuweihat and Baynunah Formations of the western 
UAE providing additional sandy sediment. There were multiple sources of quartz 
sand for dunes of the Rub‘ al Khali. 

Sediment supply is a primary influence in areas close to source area and where 
the rate of sediment supply is high. Availability of sediment is most important as 
a control in areas away from the source, and where availability is low (Lancaster, 
1999). The source of aeolianites in the UAE, from west of Jabal Dhanna and 
50 km south of Abu Dhabi, is also considered to be from the dried floor of the 
Persian Gulf in the LGM (Teller et al., 2000). The sand dunes of the Rub‘ al Khali 
mainly rest on Miocene sandy sediments, which can be seen to crop out between 
the dunes in north-western Dhofar, in interdunes of the western and 
south—western Rub‘ al Khali (Bramkamp et al., 1963), and just south of Umm as 
Samim (Goodall et al., 2000), as well as occurring in shallow water wells in the 
central part of this desert (Edgell, 1997a). These Miocene sands must have been 
eroded partly by old widyan, and they represent another source of quartz sand for 
the Rub‘ al Khali dunes. Although sedimentological studies indicate that the 
main source of sand for the northern Rub‘ al Khali seems to have been sediment 
from the dried Persian Gulf during Pleistocene intervals of lowered sea level, 
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Fig. 10.6 Hofuf Formation (Upper Miocene) at Jabal al Qarah, near the town of Al 
Hufuf, where it shows strong vertical jointing. (Photo by H. S. Edgell.) 


there would seem to have also been a multiple origin of sand for the various sand 
deserts of Arabia. These include (1) wadi sediment from the Arabian Shield, (2) 
sand from Plio—Pleistocene alluvial fans, (3) quartz sand from the erosion of 
Neogene sandstones, such as the Hofuf, Hadrukh, Afjar, Shuweihat, Baynunah, 
Agha Jari and Bakhtiari Formations, as well as those Miocene sands underlying 
the Rub‘ al Khali, (4) carbonate sand eroded from the Zagros fold ranges into the 
dried Persian Gulf and blown southward by the Shamal, (5) sand from erosion of 
lower Palaeozoic sandstones, like the Wajid and Saq sandstones during exhuma- 
tion of the uplifted Arabian Shield, and erosion of sandstones of the Tabuk Group, 
(6) reworked dune sands of An Nafud contributed to Nafud al Mazhur and Ad 
Dahna, with the latter joining the north-western Rub‘ al Khali, (7) sands eroded 
from the sandy, Cretaceous Tawilah Group were a major source for the Ramlat as 
Sab’atayn, (8) sand blown out of old widyan and deltas, such as from Wadi ar 
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Rimah, Wadi ad Dawasir and Wadi as Sahba’ as well as from the Wadi al Batin 
alluvial fan, and (9) sandy riverine sediment from the shrunken or dried Persian 
Gulf. 

Recent detailed studies of sediment provenance for the desert and sands of 
Oman and the UAE by Garzanti et al., (2003) confirm that most of the dunes in 
the northern Rub‘ al Khali, where carbonate material is more frequent, were 
derived from the Zagros Ranges and blown by Shamal winds into this part of the 
desert during Pleistocene low stands of the Persian Gulf. It was found that the 
dune area covering most of the UAE and extending 130 km inland consists of 
sands of Zagros origin. This explains the higher amounts of unstable minerals 
(zircon, tourmaline and rutile) in these dune sands, as well as the increased 
amount of cassiterite northward (El-Sayed, 1999). Detrital material from the 
ophiolite belt of Al Hajar is relatively minor, forming only about 5% of sands in 
Rub‘ al Khali dunes along the mountain front, and 10% at Al Ain near the moun- 
tain contact (Garzanti et al., 2003). Although these studies of provenance did not 
extend into the main part of the Rub‘ al Khali in Saudi Arabia, petrographic stud- 
ies of sand in Al Liwa’ near the UAE/Saudi border show a dominance of 
monocrystalline quartz (71-76%) with feldspars (14-16%), and this enrichment 
in quartz together with common rounded grains indicates a mainly polycyclic ori- 
gin, probably from interior highlands (Garzanti et al., 2003). Actual dune forma- 
tion has been quite rapid in geological terms, and the alluvial fans, wadi sands 
and sediment eroded from the former sedimentary cover in the crystalline high- 
lands to the west and south—west now appear to have contributed vast amounts 
of polycyclic quartz sand to the dunes of the majority of the Rub‘ al Khali, 
although erosion of the crystalline basement played a quite minor part. Although 
Garzanti et al., (2003) have shown the quartz sands of Al Liwa’ megadunes to be 
mainly of polycyclic quartz grains, they have not proven the source, although 
suggesting the western Arabian highlands. It seems unusual that only carbon- 
ate grains should have been derived from the Zagros Ranges, when very thick 
sequences of quartzose sediments in the Agha Jari and Bakhtiari Formations 
have been eroded from these much higher, nearby mountains. Sandy sedi- 
ments accumulated in riverine plains of successive dried Persian Gulfs in 
Pleistocene cold phases and were blown south and south-west by the stronger 
Shamal, as clearly seen in the dunefield of SE Qatar. 


10.2 SOURCES OF SAND FOR AN NAFUD (THE 
GREAT NAFUD DESERT) 


Compared with the Rub‘ al Khali, the origin of An Nafud sand dunes is less known. 
We know that the sand dunes accumulated on lateritic surfaces of weathered 
Palaeozoic sandstones, as well as on Miocene sandstones of the Afjar Formation in 
the south-west, and outcrops of Lower Palaeozoic sandstones protrude through 
the dunes in places (Fig. 7.27). Discovery of Early Pleistocene vertebrates in old lake 
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beds in the south-western An Nafud between stable white dunes with giant cross- 
bedding. (Thomas et al., 1998) indicates that dunes existed in the Early Quaternary 
in An Nafud, earlier than 1.2 Ma BP. Whitney et al., (1983) had two samples of 
duricrust radiocarbon dated as 27,090 + 320 BP and 30,500 + 920 BP. There are 
at least three main generations of dunes in An Nafud, Early Pleistocene white 
dunes, the Late Pleistocene larger stable dunes with some calcareous material and 
the younger active Holocene dunes almost entirely composed of quartz sand. In 
their study of Saudi Arabia’s northern sand seas, Whitney et al., (1983) state that, 
“The growth of the sand seas to their present size occurred gradually from the Late 
Miocene until Late Pleistocene times.” The Middle Miocene sandstones of the Ajfar 
Formation occurring along the south-west of An Nafud also contributed to the 
sand dunes of that desert. Stable dunes make up 95% of the dunes in An Nafud, 
have a strong reddish hue with a marked calcareous content, are lighter medium- 
grained and are large dunes, whereas active dunes of this desert are small, yellow 
coloured and made of fine-grained quartz sand. The large stable linear dunes of the 
northern, central and north-eastern An Nafud have a chain of crescentic slip faces 
on their northern sides, and mostly in their interdunes, as shown in Fig. 7.22 and 
by Holm (1960, Figure 3). According to Whitney et al., (1983), this indicates that 
winds in the central Nafud were considerably stronger, with south—westerly winds 
dominant over north—westerly winds for long periods of time, and as the last major 
sand-moving event. The large, stable barchanoid dunes of the western An Nafud 
formed under nearly unidirectional wind from the south-west and 
west—south—west (Whitney et al., 1983). On the origin of the older, stable An Nafud 
dunes, they concluded that the original sediment source was the large area of 
poorly consolidated Lower Palaeozoic sandstone exposures occurring to the west 
and south-west of An Nafud, such as the Lower-Ordovician Saq Sandstone 
(Fig. 10.7), and Ordovician to Devonian sandstones of the Tabuk Group (Fig. 7.27). 

The smaller active dunes are influenced mainly by north—westerly, westerly, 
and south—westerly winds, depending on the part of An Nafud. Both the large 
barchanoid dunes of the western An Nafud (Fig. 10.8), and the peculiar linear 
dunes, with attached crescentic slip faces facing east north-east in the central, 
northern and north-eastern parts of this sand sea, suggest winds were from the 
west south-west (Figs. 7.21 and 7.22). Also, large star dunes, 100 m or so high, 
occur in the eastern part of An Nafud Desert (Fig. 7.24) indicating that it experi- 
enced winds from a number of different directions with no prevailing wind. 
Winds in northern glacial intervals were undoubtedly much stronger, with inten- 
sified high-pressure cells and the South—West Monsoon either absent, or far to the 
south. Recent studies in Oman indicate that the overall pattern of atmospheric 
circulation has been similar to the present for as far back as 160 ka BP (Preusser 
et al., 2002). This suggests that An Nafud Desert formed under a south—westerly 
to westerly wind regime similar in direction to those of today, clearly shown by 
Whiney et al., (1983), but of much greater intensity, with origin of sands from 
exposed Lower Palaeozoic sandstones, which cover an area of 63,259 km? to the 
west of An Nafud. Comparison with luminescence dating for the northern Rub‘ 
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Fig. 10.7 Lower-Ordovician sandstones of the Saq Formation at Jabal Saq, Saudi 
Arabia. Erosion of this and other Palaeozoic sandstones contributed to An Nafud dunes. 
(Photo by H. S. Edgell.) 





Fig. 10.8 Distinctive broad transverse dunes of the western part of An Nafud, which 
are of complex barchanoid form. These dunes are very broad in relation to the narrow 
interdune corridors, or shuquq. Their sub-crescentic form (Fig. 7.25) indicates origin from 
the west south—west. The bare Palaeozoic rocks of the Tabuk Basin, swept clean of sand, 
are seen on the left. Image width is 10 km. (NASA image ISSOO6E10065. Image courtesy 
of Image Analysis Laboratory, NASA Johnson Space Center.) 
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al Khali Desert (Lancaster et al., 2003), now suggests that the old dunes of An 
Nafud Desert were concomitant, and formed in the intervals of 164-129 ka, 
113-99 ka, 64-31 ka and 22-18 ka BP, to which must be added Early 
Pleistocene dunes of 1.2 Ma BP or older. 


10.3 SOURCES OF SAND FOR AD DAHNA (AD 
DAHANA) 


The large, stable, linear dunes of Ad Dahna form a great arc around the eastern 
edge of the sedimentary cuestas of central Arabia, which formed a barrier clearly 
controlling their distribution. This narrow, 48 km wide, belt of reddish dunes, 
stretching for almost 1,300 km, stems from the eastern An Nafud in the north, 
and merges into the Rub‘ al Khali in the south. Apart from following the eastern 
edge of the Mesozoic escarpments, Ad Dahna has acted as a Pleistocene to 
Holocene ‘conveyor belt’ carrying sand southward from the Great Nafud south to 
the Rub‘ al Khali. The course of Ad Dahna also follows the path of the predomi- 
nant Shamal winds and of the resultants of the drift potentials today (Fryberger 
et al., 1984). Only some seven major linear sand dunes separated by wide inter- 
dune corridors typically comprise the breadth of central Ad Dahna, so that its 
sand volume is relatively small as compared with An Nafud. The interdune corri- 
dors, or shuqug, are often floored by sand sheet, although in the area between 
Rumah and Ma’aqala the shuquq expose Tertiary sands and marls, probably of 
the Hadrukh Formation. There is every indication that the source of sand for Ad 
Dahna was the Great Nafud from which it originates. In addition, deflation of the 
very large, 41,120 km?, Ad Dibdibba alluvial fan has been another source of 
large amounts of siliceous sand for Ad Dahna dunes. Although the dunes of Ad 
Dahna are reddish to yellow in colour, they do not have the strong reddish colour 
of stable An Nafud dunes, suggesting the mix of sands from different sources. The 
majority of Ad Dahna dunes are linear following the general trend of this sand 
belt, but in the Hawmat an Niqyan area (26.66°N; 45.83°E) of the northern Ad 
Dahna, star dunes up to over 150 m high occur mostly situated on the crests of 
linear dunes (Fig. 7.30). These linear dunes formed first and were later exposed to 
more variable cross winds, causing dome dunes to develop along the ridge lines of 
the linear dunes. The dome dunes show an alignment in a NNE direction across 
several linear dunes, indicating that the main cross wind was from the NNE. In 
the southernmost part of Ad Dahna, known as ‘Uruq ar Rumaylah, the linear 
dunes are narrower and trend N 70°E, being oblique to the overall trend of Ad 
Dahna in that area, while in the ‘Irq al Kharaym sigmoidal dunes also trend NNE 
oblique to the main ‘uruq (Fig. 9.19). Most of the large linear dunes are stable, 
but there is still some present-day sand movement with encroachment of sand on 
villages and towns, as seen at Ma’aqala in 1990, and into the villages of Al Hasa 
in 1961, when over 175,900 m° of sand were moving into this oasis each year 
(Tracy, 1965). 
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10.4 SOURCES OF SAND FOR THE NAFUD AL 
MAZHUR 


In the Nafud al Mazhur, there is also an obvious connection with the sands of the 
eastern An Nafud and it is difficult to say precisely where the Great Nafud ends 
and the Nafud al Mazhur begins (Fig. 10.9). 

In fact, the ‘Irq al Mazhur linear dune merges into the south-eastern part of 
An Nafud. The Nafud al Mazhur forms a belt 25-35 km wide and 245 km long 
and is characterized by linear dunes, or ‘uruq, 10-65 km long and 1.5-4 km 
broad. The south-eastern end of this dunefield occurs along the line of the buried 
Wadi ar Rimah—Wadi al Batin and is marked by the distinctly different dome 





Fig. 10.9 High resolution image showing the connection between the large linear 
dunes, or ‘uruq, and star dunes of An Nafud and the ‘uruq of Nafud al Mazhur. The ‘uruq 
of Ad Dahna in the north-east are also seen to have been derived from An Nafud. The 
black volcanics of Harrat Hutaymah also appear in the lower left. Image width is 250 km. 
(NASA image highres_NM22_NM22-726-22. Image courtesy of Image Analysis 
Laboratory, NASA Johnson Space Center.) 
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dunes of Nafud ath Thuwayrat, where there is an abrupt change from linear 
dunes to lines of giant dome dunes. The source of sand for the Nafud al Mazhur 
is clearly the sands of the Great Nafud, which have been blown south—eastward 
during the Middle to Late Pleistocene and Mid Holocene. 


10.5 SOURCES OF SAND FOR THE NAFUD ATH 
THUWAYRAT 


This large nafud is a continuation of Nafud al Mazhur and differs only in the style 
of its sand dunes, which are predominantly dome dunes up to 170 m high and 
generally 1.5 km in diameter, although located on ‘uruq in the northern Nafud 
ath Thuwayrat. Towards the south, the dome dunes coalesce into compound 
dunes, up to 5 km long, closely spaced and showing a north-east alignment. The 
northern part of Nafud ath Thuwayrat is up to 70 km wide and is trapped in a 
depression between the Upper Cretaceous Aruma Formation escarpment to the 
north-east and the Jurassic Jilh and Marrat escarpment to the south—west, with 
a minor 20 km south-eastern spur, known as Nafud Sabalah, between the 
Aruma scarp and Tuwayq scarp. The nafud narrows farther south-east and is 
confined at about 600 m elevation between the Jurassic Tuwayq Mountain 
escarpment (660-720 m elevation) and the Jilh-Marrat escarpment (650-690 m 
elevation). Consequently, the local winds have been variable, leading to dome 
dune development. The sands forming the Nafud ath Thuwayrat have been blown 
into this intra-scarp position from the north—west and the connection to the lin- 
ear dunes of Nafud al Mazhur is obvious. A primary source of sand for the Nafud 
ath Thuwayrat is An Nafud, via Nafud al Mazhur, while a secondary source was 
probably the wadi alluvium of the Wadi ar Rimah-Wadi al Batin system. 


10.6 SOURCES OF SAND FOR THE BURAYDAH ANFAD 


A number of nafud areas, or anfad, occur south-east, south and south—west of the 
town of Buraydah. These are the Nafud as Sirr, Nafud Qunayfidah, Nafud al Malha’ 
and Nafud ash Shuqayyiqah, as well as Nafud al Ghamis, which includes the Nafud 
Buraydah and joins Nafud at Tarayfiyah to the north-east. They are all aligned 
NW-SE and all confined between sedimentary escarpments, except for the Nafud al 
Ghamis. Their source of sand has come from the north-west in the Great Nafud. In 
each case sand has been driven into narrowing depressions between resistant 
scarps by strong prevailing north—westerly winds. These winds must have been 
much intensified during successive, high latitude glacial intervals of the Pleistocene 
and Early Holocene, when strong high pressure areas over the ice sheets of Northern 
Europe pushed other pressure belts farther south. Nafud al Ghamis is an exception, 
in that it extends in a NE-SW direction along the old course of Wadi ar Rimah-Wadi 
al Batin, which it has effectively blocked, so that this system no longer has surface 
flow to the north-east, although it is the longest wadi system in Arabia. In the case 
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of the Nafud al Ghamis, the depression along the Wadi ar Rimah valley provided a 
pathway for sand from the southern Nafud al Mazhur and the broad, northern 
Nafud ath Thuwayrat to migrate south—westward and accumulate as a dunefield, 
but the original source of sand was An Nafud Desert. 


10.7 SOURCES OF SAND FOR NAFUD AL ‘URAYQ 


The Nafud Al ‘Urayq lies within 100-150 km south-east of Buraydah in a 
roughly N-S depression in the crystalline rocks of the northern Arabian Shield. 
Since barchans in its northern part have horns pointed north, and transverse 
dunes in its centre have slip faces on their north sides, it has been concluded by 
Whitney et al., (1983) that its dunes were formed by south—westerly palae- 
owinds. The source of sand for this dunefield has been attributed by Whitney 
et al., (1983) to wadi sands from both Wadi ar Rimah to the north, and Wadi al 
Jarir, which borders the Nafud al ‘Urayq on the north—west. It is more probable 
that the bulk of the sands of Nafud al ‘Urayq were derived from An Nafud sand 
blown southward and accumulated in an intermontane depression in the north- 
ern Arabian Shield, as with the small, nearby Nafud al Khulayfah, which also lies 
in a hollow. Some sand must also have blown into the Nafud al ‘Urayq from sand- 
filled Wadi ar Rimah. Reorientation of some dunes by south—westerly winds 
seems to have occurred. 


10.8 SOURCES OF SAND FOR NAFUD AD DAHI 


The sand dunes of the Nafud ad Dahi are neither as prolific nor as large as those 
of other dunefields. Most of them are irregular, somewhat curved, linear dunes, 
trending NE-SW and lying oblique to the general NNE trend of the Nafud ad 
Dahi. They are even less marked in that part of the Nafud ad Dahi situated south 
of Wadi ad Dawasir and just west of the Tuwayq Mountain escarpment of ‘Al 
Arid. In this southernmost part of the Nafud ad Dahi, the source of sand seems to 
be from sands of the south—western Rub‘ al Khali, which have blown westward 
over Al Arid escarpment. In the main part of the Nafud ad Dahi, north of Wadi 
ad Dawasir and south of Wadi Birk, the source of sand has come from the 
north-east. Dune sand has come from Ad Dahna through the wind gap in the 
Tuwayq Mountain escarpment carved out by Wadi Birk. The distribution of 
dunes in the central part of Nafud ad Dahi is towards the western side of the 
nafud and the eastern side has very few dunes, being in the shadow of the high 
Tuwayq Mountain escarpment with regard to the prevailing north—easterly 
wind. Together with the limited amount of dunes, and their alignment and dis- 
tribution, there is an indication that sand has been blown over the escarpment 
and into the Nafud ad Dahi from Ad Dahna, except near Wadi Birk where sand 
has blown through the wind gap made by this wadi. 
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10.9 SOURCES OF SAND FOR ANFAD OF THE 
SOUTHERN ARABIAN SHIELD 


The four small nafud areas (anfad) on the southern part of the Arabian Shield are 
‘Uruq as Subay, Nafud Rumhat, Nafud as Sirrah and Nafud Hanjaran. All contain 
linear sand dunes, and wide, thin interdunes with exposures of underlying base- 
ment rocks and considerable sand sheet. The source of sand for the dunes in the 
‘Uruq as Subay, Nafud Rumhat and Nafud as Sirrah is aeolian sand blown into 
depressions on the Arabian Shield by north—easterly winds. All the nafud areas 
on the southern Arabian Shield have dunes trending NNE-SSW. This sand origi- 
nates from Ad Dahna, and perhaps some from Nafud ad Dahi and other nafud 
areas between the scarps. The eastern part of Nafud as Sirrah lies in a somewhat 
deeper depression between mountains on the eastern side of the Arabian Shield 
and contains well developed dome dunes, due to topographically induced vagaries 
of the wind. Nafud Hanjaran is situated near the northern alluvial fan of Wadi 
Bishah and its sand dunes and sand sheet are derived from the sandy alluvium of 
this wadi, or ultimately by erosion of the igneous and metamorphic rocks of the 
southern Arabian Shield. Some sand in Nafud Hanjaran may have been blown 
westward from the dunes of ‘Irq al Wadi dunefield. 


10.10 SOURCES OF SAND FOR ‘TRQ AL WADI 


This narrow east-west dunefield lies along the course of Wadi ad Dawasir and 
appears to have part of its sand source in the sandy alluvium of this large wadi 
and its many tributaries draining the Precambrian crystalline rocks and 
Ordovician sandstones (Wajid Sandstone) of the Asir Highlands (Fig. 10.10). 
The main source of sand for the ‘Irq al Wadi dunefield is, however, from the 
south-eastern Rub‘ al Khali, whose sands have blown westward through the 
wind gap in the Tuwayq escarpment made by Wadi ad Dawasir. This is reflected in 
the wider expanse of ‘Irq al Wadi in the east and the better development of E-W 
dunes in that region. 


10.11 SOURCES OF SAND FOR AL JAFURAH DESERT 


The sand dunes of the Jafurah sand sea are much younger than those of other 
Arabian sand seas. Anton and Vincent (1986) suggest that dunes at Ra’s al 
Qurayyah are less than 4,000 years old. The southward drift of these dunes, 
from areas of higher wind energy in the north to lower energy areas in the 
south, ranges from 2 to 29 m? m-w"! yr"!, as estimated by Fryberger et al., 
(1984). Surveyed measurements of dune advance on a small barchan (Fig. 9.4) 
showed advance of the slip face by as much as 40 m/year, but overall barchan 
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Fig. 10.10 The 300 m thick Lower Ordovician Wajid Sandstone on the eastern edge of 
the Asir Highlands. Erosion of this thick sandstone has also contributed sandy sediment to 
the SW Rub‘ al Khali. (Photo by H. S. Edgell.) 
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advance was at the rate of 2.5-4 m/year (Shehata et al., 1992), while parabolic 
dunes advance averaged 1.47 m for a 6-month period (July-December), and 
dome dunes advanced 1.52 m in the same period (Shehata et al., 1988). This 
would seem to imply that dunes took 100,000 years to move to the central part 
of Al Jafurah under present climatic conditions. Clearly dune advance was much 
more rapid in glacial intervals. It is difficult to escape the conclusion that the 
largely quartzose sands of Al Jafurah came from sediments in a dried Persian 
Gulf during the LGM. Barchan dunes can be seen moving south south-east 
along the eastern side of Dawhat Zalum south-west of Ad Dhahran and the 
Dammam Dome (Fig. 9.5) and they become much more numerous in the south- 
ern Al Jafurah Desert, where there are many dunefields composed of barchans 
and barchanoid dunes (Fig. 7.31). 


10.12 SOURCES OF SAND FOR THE RAMLAT 
AS SAB’ATAYN 


The many, slightly sinuous, linear dunes of the Ramlat as Sab’atayn have a gen- 
eral ENE-WSW trend and may have derived some of their sand from the 
south—western Rub‘ al Khali, despite the broad, low, E-W uplift separating them. 
Most of the siliceous sand of the Ramlat as Sab’atayn came from deep sand-filled 
widyan eroding the Hadramawt Plateau to the east, and also from widyan erod- 
ing the Yemen Highlands to the west and south-west. Widyan from the 
south—west that mostly drain the high area of Al Kawr Precambrian Shield also 
contributed sandy sediment to the western Ramlat as Sab’atayn, and these 
include Wadi Markhah, W. Bayhan, W. Harib, W. Abrad, and W. Adanah, which 
emerges from the mountains at Ma’rib on the east and south-eastern side of 
Ramlat as Sab’atayn. Large widyan, such as Wadi Jaram, dissect the western 
Hadramawt Plateau and contribute sandy sediment from the Cretaceous 
Tawilah Group. This group consists mainly of reddish sandstones and is up to 
700 m thick (Beydoun, 1964). The red colour of dunes in the south-eastern 
part of the Ramlat as Sab’atayn is probably due to sand from the Tawilah Group. 
The tongue of Ramlat as Sab’atayn sand dunes extends into the western part of 
the Wadi Hadramawt valley as far as Shibam, where it is reported to die out into 
sand patches about 5 km wide (Beydoun, 1964). Detailed examination of the 
eastern dunes of this desert indicates that these dunes largely emanate from 
widyan at the western end of Wadi Hadramawt, such as Wadi Duhur, W. 
Rakhya, W. ‘Amd, W. Du’an and W. al Ain, all of which erode the thick 
Cretaceous Tawilah Group (Fig. 10.11). Easterly to east north—easterly winds 
prevail in the eastern Ramlat as Sab’atayn and are shown in the very numerous, 
west or south—west facing, crescentic hollows found in these dunes, and more 
especially in interdunes (Fig. 7.35b). Garzanti et al., (2003) state “The Sab’atayn 
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Fig. 10.11 The eastern Ramlat as Sab’atayn near the western Wadi Hadramawt show- 
ing the sinuous nature of dunes around topographical highs, and the contribution to the 
development of dune sands made by widyan eroding the sandstones of the Tawilah Group. 
The two major NE flowing widyan seen are Wadi Duhur and Wadi Rakhya, whose sediments 
are seen to turn NW into the Ramlat as Sab’atayn. Wadi ‘Irma (lower left) near Shabwa can 
also be seen to contribute sandy sediment to the eastern Ramlat as Sab’atayn. The sinuous 
nature of the dunes is due to the way they avoid topographically high areas. Image width 
is 130 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


sands . . . are entirely recycled from sedimentary rocks, as reflected by dominant 
rounded quartz grains and low P/F ratio . .. assumed to indicate the polycyclic 
origin.” This agrees with the author’s concept that they are derived from the 
sandstones of the Tawilah Group. 


10.13 SOURCES OF SAND FOR THE SOUTH-EASTERN 
QATAR DUNEFIELD 


The small barchan dunefield of south-eastern Qatar is composed almost entirely 
of quartz sand and cannot have been derived from the exposed limestones of the 
Qatar Peninsula. The source of this dune sand is sediments of the dried Persian 
Gulf, when sea level was lowered in the LGM between 18 and 21 ka BP, and the 
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Fig. 10.12 Residual sand streaks shown in yellow crossing Qatar Peninsula from 
NNWSSE marking the path of quartzose aeolian sand blown from the dried Persian Gulf 
during the Last Glacial Maximum (LGM) and now present as mainly barchan dunes only 
in the south-eastern corner of Qatar (Landsat 7 image, courtesy of NASA, enhanced by 
the author). 


dunes have advanced across Qatar from north—west to south-east at an average 
rate of 10 m/year since sea-level rose some 12 ka BP. Traces of the movement of 
these quartzose aeolian sands are evident as a series of residual sand streaks 
crossing the Qatar (Fig. 10.12). 


10.14 SOURCES OF SAND FOR THE RAMLAT AL 
WAHIBAH (WAHIBA SANDS) 


Detailed studies of the Ramlat al Wahibah, based on carefully examined cores 
and their IRSL dating (Preusser et al., 2002), shows that these sands have their 
main source in the shelf areas of the Arabian Sea. These areas were exposed to the 
South—West Monsoon during intervals of lowered sea level caused by northern lat- 
itude glaciations in the intervals 160-130 ka, 115-98 ka, and especially from 70 
to 60 ka BP. The relatively high carbonate content of the Wahiba Sands is 
explained by their derivation from an exposed area of marine shelf. The dune sands 
have well-rounded grains and have been repeatedly recycled (Garzanti et al., 
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2003). They also contain accessory minerals suggesting minor contribution from 
erosion of the southern Arabian Highlands, while the ‘High Wahiba’ contains 
some sand from the Rub‘ al Khali (Garzanti et al., 2003). It is also considered that 
wadi sands of interior Oman may have contributed to the Wahiba Sands (Goudie 
et al., 1987). The cemented aeolianites underlying the Ramlat Al Wahibah origi- 
nated in an earlier cold, arid interval of the Middle Pleistocene from 160 to 130 ka 
BP with their source also in exposed parts of the Arabian Sea shelf. Late 
Pleistocene aeolianites (35-8 ka) occur along the Wahiba coast with their base 
below present sea level and diving has shown that they extend offshore for some 3 
km proving that they originated in an interval of lowered sea level. 


10.15 SOURCES OF SAND FOR THE SINAI DESERT 


The sand dunes of the Sinai Desert have originated from fluvial sand from the Nile 
River transported along the coast of northern Sinai and then blown inland 
(Tsoar, 1974). These linear dunes are mainly parallel to the coast and have 
formed mostly by NNW winds normal to the coast and by easterly depressions. 
The present dunes show the strong influence of winds from the WSW and dis- 
tinctive barchan-like hollows with slip faces pointing ENE are common in these 
dunes (Fig. 8.21). Tsoar (1982) has shown that the internal structure of these seif 
dunes reveals the changing directions of slip faces due to bimodal winds, and has 
remarked on their ‘tortuosity’ (Tsoar, 2001). On these seif dunes, lee side separa- 
tion vortices develop, where wind blowing onto a dune obliquely at an angle of 
incidence of 25-45° is deflected along the lee side and flows along the lee side 
parallel to the dune crest (Tsoar, 1983). The Sinai dunes probably first formed 
during the LGM, when sea level was lowered, as shown by the burial of loess 
deposits by sand sheet (Issar and Bruins, 1983). 


10.16 SOURCES OF SAND FOR THE DUNEFIELDS 
OF IRAQ AND KUWAIT 


The linear sand dunes, barchans and hummocky sands of Ash Shamiyah Desert 
have all been blown southward from the Mesopotamian alluvial plain by the 
Shamal. Similarly, the Lower Baiji Desert has been derived from Older Alluvium of 
this plain, while sedimentological studies (Al-Janabi et al., 1988) show that the 
sands of the Southern Alluvial Plains Desert were derived from river sands of the 
Euphrates River. A high proportion of diagenetic celestite has been found in sands 
of the Southern Alluvial Plains Desert (SkoGek and Saadallah, 1972) and since a 
similar high proportion occurs in the Dibdibba alluvial fan it has been postulated 
that some of the sediment of this desert has derived from the Dibdibba fan (Khalaf 
et al., 1982). This does not necessarily imply long distance wind transport from 
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the south, as Dibdibba sediments extend far into southern Iraq. Most of the dune- 
fields of Iraq are derived from alluvium of the Mesopotamian plain. The dune- 
fields of northern and north—western Kuwait have a similar source and the Al 
Huwaimiliyah dunefield is almost a south-eastern continuation of the Ash 
Shamiyah Desert of southern Iraq. 


10.17 SOURCES OF SAND FOR THE DUNEFIELDS OF 
WADI ARABA, SOUTH-WESTERN JORDAN 


Sand dunes of the four dunefields in Wadi Araba contain quartz, feldspar and 
mica of detrital origin, which is mostly derived from nearby Precambrian base- 
ment rocks. Some quartz sand has come also from the Lower Palaeozoic sand- 
stones along the eastern side of the Dead Sea, especially in the case of the more 
northerly Salmani Dunefield (Saqqa and Atallah, 2004). 
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Mechanisms of sand 
accumulation 


11.1 AEOLIAN SAND TRANSPORT 


The sand in almost all Arabian dunefields has been transported long distances. 
This is clearly the case in the Rub‘ al Khali, where surrounding rock exposures are 
mainly carbonate rocks and the major source of siliceous sands lies far to the 
north, probably from the northern side of the dried Persian Gulf during high- 
latitude glacial intervals. Predominant Shamal winds have carried the sand for 
1,200 km until it encountered the topographic barriers of the Asir Plateau, the 
central Arabian escarpments, and the Hadramawt-Dhofar Arch. Siliceous sand 
has also been derived from erosion of cover rocks in the Asir Plateau and trans- 
ported long distances northward by old wadi systems before being blown S and SW 
into dunes by the Shamal. Individual giant linear megadunes, or ‘uruq’, extend for 
as much as 500 km. Their remarkable length is due to the large sand supply when 
the Persian Gulf was dry in glacial intervals and to the prevailing Shamal, while 
their remarkably regular spacing is attributed to the Taylor—Couette Effect. 
Transport of desert sand has been studied in detail by Bagnold (1941), Tricart 
and Mainguet (1965), Hastenroth (1967), Wilson (1973), Fryberger and 
Ahlbrandt (1979), Tsoar (1983, 2001), Greely and Iversen (1985)], Lancaster 
(1985, 1988), Warren (1988), Momiji and Warren (2000), Momiji (2001) and 
many others, so the subject is mentioned only briefly here. Wind action is the obvi- 
ous cause of desert sand transport. During a typical sandstorm, sand grains in the 
size range of 0.15-0.30 mm can be carried in suspension as high as 15 m by winds 
exceeding 4.47 m s7}, and stay in suspension as long as the wind persists above this 
speed. Sand grains also move by surface creep, rolling forward over the surface 
when wind reaches a critical velocity, termed the fluid threshold velocity by 
Bagnold (1941). As much as 75% of sand is moved, however, by saltation, or the 
skipping action of individual grains induced by wind shear, and these skipping 
grains move downwind at about half the wind speed. Bagnold (1941) stated that 
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the average height of windblown sand is 10 cm. A study of dunes in California by 
Sharp and Saunders (1978) showed that 90% of saltating grains moved within 
64 cm of the surface, with maximum sand blast at a height of 23 cm. Apart from 
saltation, surface creep and suspension, there is another type of sand movement, 
termed ‘reptation’, or the impact movement of sand grains thrown up by descend- 
ing grains in saltation. The threshold wind velocity, or fluid velocity, increases with 
the square root of grain diameter for grains above 0.08 mm. A typical threshold 
velocity, above which sand motion begins, is 17 kph in dunes. A slightly lower veloc- 
ity, required to keep saltating grains in motion, was termed the impact threshold by 
Bagnold (1941). The relation between the threshold velocity and the impact veloc- 
ity determines whether sand undergoes transportation, erosion or deposition 
(Fig. 11.1). 

This relationship is for flat surfaces, and surface characteristics, such as rough- 
ness, dune relief, moisture content, particle density, and moisture content, alter 
the threshold values, as well as gusty wind conditions. Most sand is moved when 
the wind velocity is very high and this helps to explain the movement of huge quan- 
tities of sand during the Pleistocene intervals of high-latitude glaciation, when 
wind velocities were much higher than at present (Sarnthein, 1978). It has been 
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Fig. 11.1 Relationship of grain size, fluid and impact threshold velocities and various 
modes of aeolian sand transport deposition or erosion. (Modified from Bagnold, 1941.) 
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suggested, from the present-day relationship of wind speed to rate of sand motion, 
that most sand was transported during relatively short periods of moderately strong 
winds from 12 to 18 m st, since very strong winds are infrequent under present- 
day conditions (Warren 1979; Summerfield 1991). During the Pleistocene glacial 
intervals, however, when most of the sand seas of Arabia were formed, very strong 
winds were common. Even today, a few storms during the year may entirely domi- 
nate the wind regime as it affects sand dunes. Sand movement direction is mostly a 
resultant of major wind directions. The rate of sand movement is proportional to 
the third power of wind speed. Iversen et al., (1975) obtained a theoretical particle 
mass transport rate similitude from wind tunnel measurements as: 


q œ (pig) u? (u, —U.,) 


where p = air density; u, = surface friction speed; and u, = surface friction speed 
at threshold of motion. 

The rate of sand movement was found by Bagnold (1941, 1951b) to vary 
approximately as the cube of the ‘drag velocity’ or the surface shear exerted by 
the wind, and is represented by: 


Qo=— 2 _t@=16) 
(log100:)? 

where Q is mass of sand moved over a 1 m front in tonnes, t period in hours, 
v wind velocity in kilometres per hour (kph), and z height of wind recorder in metres. 

There is an exponential relationship between overall volume of sand moved 
and the wind velocity, so that as wind speeds increase, the rate of sand movement 
downwind increases exponentially. One of the most widely used formulae for 
transport of desert sand is that of Lettau and Lettau (1978), which is: 


q = C, (d/D)"? (p/g) u? (u. — u.) 


where q is the mass transport rate; C, = 4.2 (a constant), d a coefficient in 
Anderson’s equations on saltation length, D sand grain diameter, p air density, 
g gravitational acceleration (=9.8 m s~), u. wind shear velocity and u., thresh- 
old wind shear velocity. 

Primary factors influencing the rate of transport of desert sands are wind veloc- 
ity, particle size, and surface characteristics, and to a lesser extent air density, which 
varies slightly with air temperature and elevation. As winds flow over dunes, there 
is wind speedup over windward slopes, and a slow down on lee slopes. Thus, for 
barchan and transverse dunes, the windward face is erosional and the lee slope 
depositional, accounting for dune migration, which is 10-30 m/year in a 10 m 
high dune (Cooke et al., 1993). On the stoss, or windward slope of a barchan dune, 
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Lancaster et al., (1996) showed shear velocity to increase linearly, if strong 
winds were maintained. It is this surface shear velocity that effectively causes sand 
transport here, and sand-flux is a cubic function of shear velocity, or q ~ u}. At the 
dune crest, the surface slope changes sharply and the lee slope is defined by the slip 
face angle, typically corresponding to the 30—35° angle of repose for dry sand. At 
the dune crest, the wind and topography become separated, and reverse flow takes 
place in the separation zone thus created. This separation zone ends from 1.6 to 
5.4 times the dune height, downwind from the crest (Frank and Kocurek, 1996), 
where reattachment of the wind occurs. On the dune slip face, avalanching takes 
place when the surface of repose is exceeded and additional grainfall occurs, due to 
saltating grains passing over the brink. By this means, barchans and transverse 
dunes advance downwind, and Bagnold (1941) described the dunes migration 
speed, also known by the term ‘celerity’, by the mathematical expression: 


_ 4(0) 
Cd = -7H 
where q (0) is sand flux in kg/m™ s* at the dune crest, y sand bulk density in the 


dunes in kg/m? and H the dune height in metres. 

From a study of the rate and mode of advance of barchan dunes in the Jafurah 
sand sea, Shehata et al., (1992) introduced the following equation, relating dune 
advance to dune height, as well as wind energy (speed and duration): 


TV’ 


D=0.45 yH 





(V-V) 


where D is rate of dune advance, T the sum of winds greater than 7 m s™t, V the 
mean velocity of winds greater than 7 m/s, V, impact threshold velocity (7 m/s 
for their site), H dune height in m and y bulk density of sand accumulating on 
the slip face in kg/m. 

They found that an 11-m high barchan in the Jafurah Desert moved at a rate of 
12 m/year, compared with 2 m/year for a barchan in An Nafud Desert. The 
advance of barchan edges is inversely proportional to the height of the slip face, so 
that the horns of the barchan keep extending, only stopping when they are shel- 
tered by the bulk of the dune. In barchans, the mean velocity scales approximately 
with the inverse of height (Andreotti et al., 2002) according to the equation: 


H: cg Q/H, +H 


where H is the dune height, c dune velocity, Q the flux (typically 100 m?/s) and 
H, the height cut-off (of the order of 1 m). 

This is disputed by Momiji and Warren (2000), who state that “dune migration 
is not inversely proportional to dune height”. No barchan lower than 1 m has 
been observed. 
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For transverse dunes, the dune migration speed at first increases for each dune 
height and then decreases steadily after reaching the maximum, as shear velocity on 
a level surface increases. In general, low dunes migrate more rapidly, whereas for 
high dunes wind speedup and large sand trapping efficiency resists the decrease of 
sand migration speed (Momiji and Warren, 2000). In large interdunes, field data 
from anemometer measurements showed an upwind area of wind flow acceleration, 
a minimum flow velocity in the centre of the interdune, and a wind flow reaching a 
maximum acceleration on the downwind side of the interdune (Wiggs et al., 2002). 
This shows the uneven nature of wind flow over transverse dunes and interdunes. 

From a study of sand movement in barchans between Jiddah and Al Lith, Al- 
Harthi (2002) found that the average rate of movement under the prevailing 
northerly to northwesterly winds was 13.2 m/year. The relationship between dune 
height (H) and dune movement is negative, so that a 4.9 m high dune, moved only 
9.9 m/year, while a small dune, 2.7 m high moved at a rate of 15.2 m/year. He devel- 
oped a logarithmic model for dune movement expressed in the empirical equation: 


Dm = 20.5 — 5.56" Ln(H) + 0.60 (R? = 0.88), 


where Dm is dune movement, H dune height, Ln linear exponential and R? = 0.88, 
the logarithmic model. This relationship of dune height to dune movement is shown 
graphically in Fig. 11.2. 

In large parallel linear dunes, such as occurring in most of the Rub‘ al Khali 
Desert, the lateral spacing is associated with helical roll vortices in the boundary 
layer of the atmosphere (Hanna, 1969). Sand transport occurs in large linear 
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Fig. 11.2 Relationship of dune movement to dune height. (After Al-Harthi, A.A. 2002. 


Environmental Geology 42:360-369, Fig. 13, reproduced with kind permission of 
Springer Science and Business Media). 
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Fig. 11.3 Helical roll vortices and their influence in forming large linear dunes or ‘uruq. 
(After Cooke and Warren, 1973. Reproduced by kind permission of Cambridge University 
Press). 


dunes (‘uruq and seif dunes) by counter rotating, helical, roll vortices carrying 
sand downwind, while sweeping sand away from the interdune corridors, or 
shuquq (Fig. 11.3). The observed presence of cloud ‘streets’ from aerial photos 
and on satellite images (Fig. 4.2) may provide evidence of this cork-screw type of 
wind movement (Hanna, 1969; Cooke and Warren, 1973), although this cloud 
street phenomenon is very rarely apparent in the field. 

Variations in sediment supply, grain size, availability of sediment for transport, 
and the capacity of wind to transport sediment are the major factors controlling 
the mechanics of aeolian transport. 


11.2 AEOLIAN SAND ACCUMULATION 


Desert sand accumulations are basically of three groups with regard to scale: rip- 
ples, dunes, and ‘draas’ or megadunes. In wavelength, ripples are 10-?—-107! m, 
dunes are 101-10? m and megadunes (‘uruq and megabarchans) are 107-10? m. 
This hierarchy of aeolian bedforms (Fig. 11.4) was recognised by Wilson (1972), 
and Cooke et al., (1993) introduced the term megadune in preference to the 
North African term ‘draa’. 
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Fig. 11.4 Histogram of dune spacing measured in 19 dunefields from various parts of 
the world. (Reprinted from “Sedimentology” v.19; Wilson, I. G., Aeolian bedforms — their 
development and origins, 173-219©1972, with permission of Elsevier). 


A natural separation of ripples, dunes and draas (megadunes) has also been 
shown by Wasson and Hyde (1983), based on the twentieth percentile of grain- 
size plotted against spacing, in three Saharan dune fields. 

In areas of the north-eastern Rub‘ al Khali, there always seems to be a sharp 
distinction between ripples, dunes and megadunes, reflecting their natural 
separation. 


11.2.1 Aeolian ripples 


Desert wind ripples are mainly normal ripples having a wavelength of < 1-25 cm, 
but larger ripples, termed ridges by Bagnold (1941), granule ripples by Sharp 
(1963), and megaripples by Greeley and Iversen (1985), also occur up to 1 m high 
and with a wavelength of up to 20 m. It was once thought that normal wind ripples 
coincided with the average length of saltation of sand grains, but this is now dis- 
proved, and Anderson (1987) showed that ripple wavelength is about six times the 
mean reptation length. Aeolian ripples are perpendicular to the wind direction and 
form because larger grains saltate slower than smaller grains, accumulating in 
‘jams’ creating surface roughness, which develops into ripples. Generally, the wave- 
length of wind ripples increases with increasing wind velocity, although ripples flat- 
ten out completely in very high winds (Sharp, 1963). The more uniform the sand at 
the surface, the shallower the ripples, due to reduced differential saltation and sur- 
face creep, so that ripple height is a function of grain sorting. Where the sand sur- 
faces possess a large proportion of coarse sand grains, megaripples, or granule 
ripples develop, especially, where winds are moderate to strong, yet not strong 
enough to lift coarser grains (Sharp, 1963). A study of the granulometry of ripples 
on dunes near Wadi Khulays and two localities near Jiddah, showed that most of the 
ripple crests are positively skewed, while ripple troughs were either negatively skewed 
or symmetrical. This shows that a sorting process occurs in the development of aeo- 
lian ripples, separating positively skewed crest sand from symmetrical to negatively 
skewed sand in ripple troughs (Binda, 1983b) 
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11.2.2 Dune sand accumulations 


The main factors controlling the type of dune development, apart from grain size 
and humidity, are wind regime and sand availability. The relationship of dune 
types to wind variability and sand availability is shown in Fig. 11.5, originally 
developed by Wasson and Hyde (1983), and later added to by Livingstone and 
Warren (1996), as well as additions by the author. 

Barchans and transverse dunes prefer to develop under winds from one direc- 
tion, while linear dunes develop under bidirectional winds. Star dunes form 
where winds blow from three or more directions, and dome dunes also form 
under multi-directional winds. The formation of true dunes requires relatively 
strong winds and a fine-grained sand surface 4—6 m long, since areas of pebbles 
or coarse sand tend to be deflated (Bagnold, 1941). On a sandy patch, wind 
speeds are highest and saltation drag least on its windward side. Further down- 
wind, the saltation drag becomes greater and winds slower, causing differential 
movement of sand across the sand surface. A mound of sand forms and the lee 
slope steepens, until avalanching and slumping of sand beyond the angle of 
repose forms the slip face, which itself acts as a sand trap. This case for the build- 
up of transverse dunes is well established. Studies of airflow over lee slopes in 
transverse dunes (Walker and Nickling, 2002) show that secondary airflow and 
sand transport patterns play an important role in dune morphodynamics, with 
reversed, deflected, and lateral flow on the lee side (Fig. 11.6). 

For barchan dunes, the limited sand availability causes lateral ends of the dune 
to be blown downwind as horns by convective forces causing diverging vortices 
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Fig. 11.5 Dune types determined by the relationship between sand supply and wind 
variability. (Based on a diagram by Wasson and Hyde (1983), with additions by the author). 
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Fig.11.6 Airflow patterns over the lee side of a transverse dune showing the separation 
at the dune crest with a zone of reversed flow in the lee of the dune preventing deposition 
there, and re-attached flow recommencing with the normal internal boundary layer (IBL), 
due to surface discontinuities. (After Walker and Nickling, reproduced by permission 
© [2002] Edward Arnold (Publishers) Ltd.. (Progress in Physical Geography 2002:26 (1) 
42-55 (www.hodderarnoldjournals.com) 





(Douglass, 1909; Warren, 1979). An adequate numerical model of barchan 
development has been provided by Wippermann and Gross (1985). Laterally 
linked barchans form barchanoid ridges. A study of Landsat imagery and wind 
roses showing wind intensity, duration and intensity by Fryberger and Ahlbrandt 
(1979) found barchanoid ridges form in areas of unidirectional wind, essentially 
in areas of least wind variability, and only occasionally in bi-directional wind 
regimes, and then only where one wind is much stronger than the other. There is 
evidence that barchans ‘breed’, where baby barchans are formed at the horns of 
a large barchan, or megabarchan, as seen in Fig. 9.31 from the ‘Uruq ash 
Shaybah, and as observed by Clos-Arceduc (1971) in the barchans of Chad. They 
may also show ‘budding’, when a small barchan after ‘crossing’ a bigger one 
becomes unstable, splitting into two (Durkin et al., 2004). Barchans generally 
migrate without losing their shape, and there is a general inverse relation 
between their height and velocity, so that smaller dunes can catch up with and 
overtake larger dunes. There is a direct relationship between granulometry and 
the relative ages of barchans. Thus, young barchans have the finest grain size 
with a single mode in the fraction 63-125 um. During migration to active dune 
crests, their mode shifts to 125-250 um. Barchans with inactive dune crests have 
a coarser fraction of 260-500 um, while old barchans show a 
bimodal grain size distribution with a main maximum of 250-500 um, and a 
secondary peak at 63-125 um (Besler, 2002). 

Parabolic dunes develop in areas of relatively low sand supply, with some vege- 
tation and unidirectional winds, where anchoring vegetation becomes buried. 
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After an initial blowout, a convex nose of sand develops downwind leaving paired 
wings. This is seen in the northern and central Al Jafurah Desert, where they form 
small dunefields, with larger nested parabolic dunes 2-3 km long in the 
north-central part of the desert beside smaller en echelon parabolic dunes each 
about 500 m long (Fig. 9.13). Another dunefield of parabolic dunes occurs in the 
Qurayyah sabkhah, where the dunes vary from hairpin to V-shaped and are 
mostly only 50-150 m across and up to 800 m long, standing only 2.5 m above 
the sabkhah on which they rest (Anton and Vincent, 1986). Most of them are en 
echelon, although some are nested (Fig. 11.7). These dunes are composed of 
coarse and markedly bimodal sand formed from adjacent poorly sorted sand sheet 
deposits. 





Fig. 11.7  Dunefield of parabolic dunes, Qurayyah sabkhah (25.94°N; 50.08°E), 
north-eastern Saudi Arabia, resting on sabkhah. These parabolic dunes are hairpin to 
V-shaped, being about 100 m wide and up to 800 m long. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Parabolic dunes of Al Jafurah Desert are broad and low. They show a transition 
downwind to fields of barchan dunes, which are especially well developed in the 
southern Al Jafurah Desert. Fryberger et al., (1984) proposed a model for Al Jafurah 
Desert, in which parabolic dunes develop in a Zone of Deflation in the north, fol- 
lowed downwind by barchans in a Zone of Transport, and continuous dunefields 
still farther south in a Zone of Deposition. In Al Jafurah Desert, the dune distri- 
bution cannot be so simplified. Barchans are found in the northern Al Jafurah 
west of Qatif in Ad Dabbiyah area, with small parabolic dunes just to the east. 
Farther downwind parabolic dunes are quite common, possibly in response to 
more vegetation. Barchan dunes are more common in the southern Al Jafurah, 
but there are no clear ‘continuous dunes’, there in the sense of Fryberger et al., 
(1984), except perhaps for barchanoid dunes, which blow out into barchans 
(Fig. 7.32). Barth (2001) has repeated this idea for Al Jafurah Desert, in a modi- 
fied form, with a northern sand source area, an intermediate zone of sand trans- 
port with barchans and parabolic dunes, and an area of sand accumulation in 
the south. The relationship between parabolic dunes and vegetation is clearly 
shown by Tsoar and Blumberg (2002) in the coastal sand dunes of Israel. Prior to 
1950, mostly small barchans and transverse dunes occurred, formed by the pre- 
vailing south—westerly winds. Establishment of more vegetation during the latter 
half of the twentieth century led to the dunes gradually becoming parabolic. 

The large, linear dunes or ‘uruq, so typical of large areas of the Rub‘ al Khali 
Desert, An Nafud and Ramlat al Wahibah, follow the overall wind pattern, and are 
the result of wind from one broad directional vector, where there are bi-directional 
wind regimes, according to Fryberger and Dean (1979). It was originally suggested 
by Bagnold (1941) that blowing sand has a transverse instability in strong winds, 
so that it tends to deposit in longitudinal strips. Most of the dunes of the 
south-western Ramlat as Sab’atayn and many of the large megadunes, or ‘uruq of 
the Ramlat Al Wahibah contain numerous, long, second order seif dunes along 
their length supporting Bagnold’s original view. A more widely held view is that 
they form under a uni-directional wind regime by parallel helical roll vortices 
(Bagnold, 1953; Mabbutt et al., 1969; Hanna, 1969; Glennie, 1970; Warren, 
1974, 1979). From the author’s field observations in the eastern Rub‘ al Khali, it is 
more probable that a combination of these two views is correct, as the slip faces of 
‘uruq can be seen to change over time from one side to another, due to varying 
strengths of bi-directional winds. A variant, known as hooked dunes, clearly shows 
the influence of winds from three directions (Holm, 1961; Edgell, 1989a). Linear 
belts of pyramidal dunes of the Ramlat Mitan in the south-eastern Rub‘ al Khali, 
with their slip faces directed towards the north by southerly winds, are also aligned 
in a NE-SW direction, and further north coalesce into ‘uruq, again indicating bi- 
directional winds. Although the occurrence of opposing helical roll vortices seems 
established, the replication of this phenomenon over a width of 300 km in the Rub‘ 
al Khali Desert is remarkable, and over such a hot desert, the influence of a repeated 
pattern of convection currents leading to helical vortices or Taylor vortices, due to 
Taylor—Couette flow is partly shown by the cloud streets seen on satellite imagery. 
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I cannot recall such cloud streets in the southern Rub’ al Khali, although I have 
been in the field in all seasons, and Tsoar (1998) was also sceptical. The formation 
of longitudinal vortices in natural convection flow on inclined surfaces was shown 
experimentally by Sparrow and Husar (1969), who showed the formation of regu- 
larly spaced ridges, between which longitudinal thermals flowed in a helicoidal 
manner up the inclined surface. Folk (1971) noted the great chains of incredibly 
parallel dunes in vast inland deserts of the world. He writes, “They follow the great 
geostrophic trade wind systems, are widely spaced if large, are narrow compared to 
the interdune space, have tuning fork junctures in an upwind direction, and ... like 
stripes in a convict suit ... exhibit uniform spacing in any one area.” Amongst the 
great linear dunes of the Rub‘ al Khali, the Y shaped junctures occur converging 
mostly in a downwind direction, and rarely in an upwind direction. There are as 
many as 162 parallel to sub-parallel ‘uruq in a N-S traverse across the south—west- 
ern Rub‘ al Khali and some 175 ‘uruq in a NW-SE traverse across the south—cen- 
tral part of that desert (Fig. 11.8), although many join and some divide downwind. 
Helical roll vortices result from a combination of convection currents and the pre- 
dominant Shamal winds. Tsoar (1998 communication in Gorycki, 2002) noted 
that ‘nobody has observed these helical vortices, even though use of many smoke 
candles in and around linear dunes showed no trace of cork screw-like flow, and 
that the helicoidal flow theory is valid only for vegetated dunes, while linear seif 
dunes are formed by bidirectional winds’. The importance of lee side separation vor- 
tex in the form and development of linear seif dunes has been shown by Tsoar 
(1983) and Tsoar and Yaalon (1983). Wind encountering the dune obliquely at an 
angle of incidence from 25° to 45° is deflected on the lee side of the dune, and then 
flows along that side parallel to the crest line. Holm (1962) asserted that all linear 
dunes began as barchans and states, “In the Rub‘ al Khali, linear dunes originate in 
fields of transverse crescentic dunes, which, in the course of a long time, evolve into 
elongated, linear groups.” Tsoar (1984) put forward a modified version of 
Bagnold’s (1941) concept of the development of a seif-type linear dune from a 
barchan. Holm (1962) had a similar view and states, “In the Rub‘ al Khali, linear 
dunes originate as fields of transverse crescentic dunes, which, in the course of a 
long time, evolve into elongated, linear groups, which may in turn become partly or 
entirely linear in shape.” In many cases, the development of linear dunes from 
barchans is clear, as with plumate dunes and hooked dunes, but the question 
remains as to whether all the very numerous, regularly spaced, large, linear dunes 
or ‘uruq, of the Rub‘ al Khali Desert each began as a barchan. It does not accord 
with the findings of Bristow et al., (2000) in Namibia. There is a large area of smaller 
linear dunes, or seif dunes, in the north- central Rub‘ al Khali, which show no evi- 
dence of having begun as barchans. The ‘uruq along the southern and south—west- 
ern part of the Rub‘ al Khali are larger and more widely spaced, than those of the 
western part of that desert, where the ‘uruq tend to fan out westward (Fig. 11.8), 
except near the barrier of Al Arid escarpment, where dunes are again wider and 
higher. Dunes of the western Rub‘ al Khali not only fan out westward by insertion 
of extra ‘uruq in this direction and by divergence, but they also appear to be slightly 
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younger and smaller than the ‘uruq of the southern and south-western Rub‘ al 
Khali. At 18°30’ N and 47°20’ E (mid right of Fig. 11.8), there is an area, where the 
smaller, 20 m high, more closely spaced ‘uruq of the western Rub‘ al Khali show 
signs of having overridden the older, larger, 50-60 m high, wider ‘uruq of the 
southern part of this great sand desert. These younger, more closely spaced dunes 
also appear to be transgressing on the wider spaced dunes of ‘Uruq Bani Ma’arid 
near the Arid escarpment (top left of Fig. 11.8). A similar situation is seen in the 
southern Al Liwa’, where younger and smaller barchanoid ridges are advancing on 
older, megabarchans (Fig. 7.13). Both cases accord with the statement that there is 
‘a trend of decreasing linear dune size with time in some areas’ of the Rub‘ al Khali 
(Lancaster, 2003). 

In the far south-western part of the Rub‘ al Khali, dunes are most widely 
spaced, as in the Shuqqat al Kharitah (Fig. 7.7) with 4 km wide interdunes, or 
shuqugq, giving the impression that the Rub‘ al Khali is running out of sand in its 
south-western corner. The presence of structure within linear dunes shows 
“beyond doubt, that this dune type is a primary depositional form” (Pye and Tsoar, 





Fig. 11.8 View of the ‘uruq of the western, southern and south-western Rub‘ al Khali 
showing the finer, younger, northern ‘uruq fanning out to the west and overriding the 
larger ‘uruq of the southern Rub‘ al Khali, as well as those near the Jurassic Al ’Arid escarp- 
ment (top left edge). These younger dunes now reach as far as the Cretaceous Al Jaladah 
escarpment (left of centre). There are 175 ‘uruq from lower right to top mid left, and at least 
200 in the same direction, including those not shown above this image. Width of the image is 
330 km. (NASA Landsat 7 imagery 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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1990). Studies of the internal structure of a large linear megadune in Namibia 
using GPR profiles show that there has also been lateral migration as the dune 
developed (Bristow et al., 2000). They also recognised five stages in the develop- 
ment of a linear megadune. The first stage began as an initial plume of wind rip- 
pled sand. In stage two, slip face development began in a migrating transverse 
dune element with simple cross bedding, while in stage three, sinuosity in the 
crest-line developed with sinuous elements migrating along the dune and bi- 
directional dips formed. Stage four showed flow deflection along dune flanks and 
the development of superimposed dunes. In the fifth stage, complex linear mega- 
dunes were dominated by sets of trough cross-stratification from superimposed 
dunes. Holm (1962) also considered that the sigmoidal dune is a basic dune form, 
wherever winds are shifting in direction. The term seif dune is used here to refer 
to smaller linear dunes, which are relatively short, sometimes sinuous, sharp- 
crested and with a pointed downwind end (Summerfield, 1991). Seif dunes occur 
as separate dunefields, or quite commonly on the back of the very large, long, lin- 
ear dunes, referred to here as ‘uruq (singular ‘irq). Most of the sand seas and large 
dunefields of Arabia began to form in the cold intervals of the Pleistocene under 
much stronger winds and different wind regimes and attempts to explain sand 
seas and the large sand dunes of Arabia in terms of present-day wind conditions 
are fraught with problems, as seen where Fryberger and Dean (1979) suggested 
that present-day environments could move “geologically significant amounts of 
sand”. 

Dome dunes are circular to oval in plan, being composed of very fine to 
medium-grained sand and are up to 170 m high and from 1 to 2 km in diameter 
in the Nafud as Sirr, Nafud ash Shuqayyiqah, Nafud ath Thuwayrat, and Nafud 
Qunayfidah, although smaller in the south-eastern Rub‘ al Khali (Holm, 1953, 
1960). They are said to be related to transverse dunes (Livingstone and Warren, 
1996), but appear more closely related to linear dunes and limited sand supply, in 
areas of variable winds, as seen on the south-eastern edges of the Rub‘ al Khali 
(Figs. 7.15, 9.9). They are also well developed in the Nafud as Sirr (Fig. 9.27), 
where winds are caught in a depression between the sedimentary escarpments of 
the Northern Interior Homocline and are variable. A similar situation occurs in 
the eastern Nafud as Sirrah, where well developed dome dunes are found in a 
depression within the southern Arabian Shield (Fig. 8.14). Holm (1961) states 
that these dome dunes occur “where winds beat abut the compass”. GPR profiles 
of a dome-shaped dune in Al Jafurah, near Dhahran, showed the abrupt change 
from ripple sand layers of the dune apron to grainflow layers formed by avalanch- 
ing down the slip face. Change from steeper layers of the slip face to layers with 
lower dip was interpreted as marking the change from a barchan to a dome- 
shaped dune in northern Al Jafurah (Harari, 1996). 

Star dunes, or giant pyramidal dune complexes of Holm (1962), originally 
termed ‘formes pyramidales’ by Aufrére (1931), have a typical pyramidal mor- 
phology and sinuous radiating ridges. They are formed by multi-directional 
winds, and Holm (1960) explains that star dunes occur where sand transporting 


Mechanisms of sand accumulation 277 


winds blow from different directions at different times of the year, an observation 
supported by Whitney et al., (1983) on the up to 200 m high, star dunes of the 
south-eastern An Nafud, where the arms or ridges of these star dunes rotate 
about the base in response to local shifts in wind direction. A close association 
between star dunes and topographic barriers was noted by Breed and Grow 
(1979), and Lancaster (1989) proposed a model for the growth of a star dune 
from a transverse dune, which became a reversing dune and then developed arms 
by secondary flow, later accentuated by a third wind direction. This could explain 
a four-armed star, but the star dunes of Arabia generally have more arms, com- 
monly with five or six curved ridges. According to Holm (1961), the giant pyram- 
idal dune complex (star dune) arises from the convergence of two or more 
sigmoidal dune ridges, and grows by accretion of drifting sand and absorption of 
migrating sigmoidal ridges. As drifting sand leaves the lee side of the pyramid, 
new sigmoidal dunes are formed and migrate downwind. The giant pyramidal 
complexes occur wherever the wind regime beats about the compass, and because 
of the clockwise rotation of wind currents, throughout a 24-hour period, the dune 
becomes stable and maintains its position for many years. Minor changes are 
observable over months. Aerial photos, after 10 years show little change in posi- 
tion or overall shape. Many pyramidal complexes in the south-eastern Rub‘ al 
Khali are modified by sigmoidal ridges running vertically up their sides, with 
reversible slip faces, depending on the last wind. Profiles of pyramids show steep 
slopes on surfaces and ridges, usually near the angle of repose at the top, down to 
24° in lower parts, with ridges sharp and steep-sided, slightly curved and often 
gabled. Star dunes are found commonly in the south-eastern Rub’ al Khali, in the 
Hawmat an Niqyan area of the Dahna and in the eastern An Nafud. There is a 
close association between large linear megadunes, or ‘uruq, and star dunes as seen 
clearly in the Hawmat an Niqyan area of the north-eastern Ad Dahna (Fig. 7.30), 
and in the Al Ghanim area of the eastern Rub‘ al Khali (Fig. 9.34). 


11.2.3 Sand sheets and sand streaks 


There are numerous sand sheets in Arabia, which are not as spectacular as sand 
dunes, but occupy a large area. They occur commonly on marginal areas of 
Arabian dunefields or between belts of sand dunes in the sand seas. When the 
sand sheets lying in interdune corridors are also included, it appears that sand 
sheets exceed the area actually covered by dunes. Sand streaks are elongate, and 
only have a veneer of sand and are often associated with topographic obstacles, 
being very widely distributed in southern Jordan and northern Saudi Arabia. 
They are considered to be a sub-type of sand sheets by Breed and Grow (1979). 
Sand sheets are mostly flat to undulating and may have ripples (often granule rip- 
ples), or are smooth, but have no slip faces and are sandy, wind-formed plains, 
generally with low angle aeolian stratification. They comprise 39.46% of all aeo- 
lian desert accumulations (Fryberger and Goudie, 1983). The thickness of sand 
in sand sheets varies from several centimetres to tens of metres, as these sheets 
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grow by both slow vertical accretion and more rapid extension laterally. They 
commonly have considerably more coarse-grained, poorly sorted, bimodal sand 
than dunes, although some cases of sand sheet with fine sand and silt are known 
on the north-eastern edge of the Rub‘ al Khali, and within Ad Dahna. A lag of 
coarse surface sand, often with gravel, a high groundwater table and seasonal 
flooding, as well as vegetation and surface crust, are all factors encouraging sand 
sheets in warm climate deserts and making them relatively stable (Kocurek and 
Nielson, 1986). In Arabia, many sand sheets lie between dunes, in front of dunes, 
or bordering dunefields and quite commonly have a covering of light vegetation 
(Fig. 11.9), sufficient for Bedouin tribes to graze their herds of camels and goats 
in these seemingly uninhabitable areas. 

Sand sheets are also frequently associated with areas of sabkhah, as the latter 
occur where the saline groundwater table is close enough to the surface to allow 
salty water to be drawn up by capillary action, while in nearby slightly higher 
areas, the saline groundwater table cannot reach the surface and sand sheets 
cover these higher areas. This can be seen in the vicinity of Ash Shaybah, where 
there is extensive sand sheet between the megabarchanoid ridges (Fig. 6.27), 
whereas nearby interdune areas of the ‘Uruq al Mu’taridah are mostly continen- 
tal sabkhah (Fig. 15.22). There are well developed sand sheets, up to 10 km wide, 
between the widely spaced ‘uruq of Ad Dahna. Sand sheets are found commonly 
in the myriad of interdune corridors, or shuquq of the Rub‘ al Khali. Here, they 





Fig. 11.9 Sand sheet south-west of As Sulayyil in south-western Saudi Arabia with 
very sparse vegetation. 
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are usually from 1 to 3 km wide and hundreds of kilometres long. A few authors 
try to separate aeolian interdune deposits from sand sheets (Fryberger et al., 
1983), although the distinction is artificial, especially, where wide sand sheets 
exist between dunes, as in most of Arabia. Dabbagh et al., (1997) refer to sand 
sheets in Al Labbah area on the north-eastern edge of An Nafud, and some 
undoubtedly exist, but these areas are mostly Quaternary calcareous duricrust 
(Bramkamp and Ramirez, 1963). While many sand sheets are lightly covered by 
vegetation, others are bare sand swept by winds, which move sand from one dune 
to another, or are themselves a source of sand, as in the case of the ‘active sand 
sheets’ of south-eastern Kuwait considered to be a source of dust (Draxler et al., 
2001). There are broad sand sheets in interior Dhofar along the south-eastern 
edge of the Rub‘ al Khali, south of Mugshin and north—west of Wadi Aydam, as 
well as at Dawkah (Fig. 14.2). Sand sheet covers aeolianite to the south—west of 
the Ramlat Al Wahibah (area Z of Goudie et al., 1987). Areas of sand sheet are 
found along the Tihamah in Al Qunfudhah quadrangle (Nehlig et al., 2002) and 
in the Tihamat al Yemen around Wadi Zabid, where they are up to 3 m thick (El- 
Hassan, 1999). Many areas of sand sheet also occur within the Arabian Shield, 
especially in its eastern and northern parts, as evident from the GIS map of surfi- 
cial deposits of the Arabian Shield (Nehlig et al., 2002). 


Chapter 12 





Sedimentology of Arabian 
dune sands 


12.1 GENERAL SEDIMENTOLOGICAL 
CHARACTERISTICS 


Grain size and its distribution, roundness, surface texture, grain coatings, and min- 
eral composition are some of the principal sedimentological features of Arabian 
dune sands. There are relatively few investigations of the sedimentology of the aeo- 
lian sands considering the vast area of Arabia. They include studies of the dune 
sands of the northern Rub‘ al Khali in the UAE, by Ahmed et al., (1998) and 
Alsharhan et al., (1998), Al Jafurah sands (Shehata et al., 1992; Anton, 1993), 
south-western Rub‘ al Khali dunes (McClure, 1984), Nafud as Sirr (Vincent, 
1984), Jiddah, Wadi Khulays and Nafud Rumhat (Binda, 1983a, 1983b), Jiddah- 
Al Lith dunes (Al-Harthi, 2002), Wahiba Sands (Warren, 1988a, Goudie et al., 
1987), Kuwait desert sands (Khalaf, 1989b), Bahrain dune sands (Doornkamp et al., 
1980), Sinai Desert sands (Tsoar, 1976, 1990, 2001), and UAE and Oman sands 
(Garzanti et al., 2003), as well as brief comments on the sediments of the Rub‘ al 
Khali and Al Jafurah deserts by Anton (1984), Anton and Vincent (1986), and by 
Taj et al., (1988) on the Tihamah between Al Lith and Al Qunfudhah. 


12.2 GRANULOMETRY OF ARABIAN AEOLIAN 
DUNE SANDS 


In the dunes of the UAE part of north-eastern Rub‘ al Khali, the average grain 
size is 2.68, or 0.168 mm in diameter. These dune sands are, thus, fine-grained 
and are moderately well sorted, being nearly symmetrical with regard to skew- 
ness, as well as mainly mesokurtic. Their distribution is unimodal in 67% of cases 
and bimodal in 29%, the latter due to the mixture of fine-grained and very fine- 
grained sands. These findings agree well with the graphic statistical evidence by 
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Ahlbrandt (1979) that inland dunes are in general very well sorted, show near 
symmetrical skewness and are mesokurtic. A sample (No. 984) collected by 
McKee from the crest of a star dune in the north-eastern Rub‘ al Khali was ana- 
lyzed for texture by Ahlbrandt (1979) and found to consist of fine-grained sand, 
averaging 2.5, was leptokurtic and nearly symmetrical, being slightly skew pos- 
itive. Another sample (No. 987), from the base of the star dune, presumably in 
sand sheet, consisted of medium to coarse sand and was bimodal. Sands from 
dune crests in the UAE are slightly coarser than those from the lee side, where the 
sands are better sorted. The presence of coarser sand grains on dune crests has 
been noted in the Kalahari (Lancaster, 1986), and Thar Desert (Chaudri and 
Khan, 1981). Its presence is explained by the latter as due to selective winnowing 
of finer sand grains. Transverse dunes and barchans of the UAE were shown to be 
slightly finer, at 2.7 and 2.6@ respectively, while longitudinal dunes are slightly 
coarser, at 2.5 (Alsharhan et al., 1998). A sampled traverse of dune crest sands 
from near Dubai south-east to Jabal Sumayni, by Besler (1982) showed that these 
northern sands were rather homogeneous, all fine sand from 0.125 to 0.25 mm 
diameter, with the majority well sorted and leptokurtic. A sample from the 
windward side of a large red barchan dune in Al Liwa’ was somewhat coarser 
(0.2275 mm diameter), poorly sorted, with negative skewness and very platykur- 
tic. Dune sands of the Rub‘ al Khali in the south-eastern UAE, in Umm az Zimal 
and Al Wijan, are also unimodal and in the fine sand size of 2-2.5¢, having a nar- 
row range of grain size from 58 to 85%. At Umm al Qawain and Sharjah, on the 
north-eastern edge of the Rub‘ al Khali, dune sands are also fine-grained with 56 
and 50.93% respectively in the range 2.5—3.00@ (El-Sayed, 1999). The barchan 
dune sands of south-eastern Qatar are in the fine and medium ranges [graphic 
mean (M_) of 1.93@], moderately to well sorted (mean S.D. of 0.47¢@), and are uni- 
modal, symmetrically skewed (0.88) and very platykurtic to platykurtic (Ashour, 
1984). Tail samples are coarser than samples from the crest and from the middle 
of the windward slope. 

Systematic sampling across a small transverse dune near the southern end of 
Nafud as Sirr, 105 km west of Ar Riyadh, and subsequent studies of particle size 
variation showed that the dune sands are bimodal, and become finer towards the 
dune summit (Vincent, 1984). Mean values (M,) for 8 samples increased pro- 
gressively downwind from 1.21 to 2.42 and decreased slightly to 2.19 at the base 
of the slip face. The sands are also moderately well sorted, positively skewed and 
mostly leptokurtic. An interesting finding was the occurrence of fine suspension 
material in all 8 samples, which is due to suspension fallout having settled within 
the voids of the coarser saltation load. 

The megabarchans of the western and south—western ‘Uruq al Mut’aridah are 
also composed of fine-grained, well sorted sand (97% quartz), with grains ranging 
from 0.1 to 0.4 mm diameter, averaging 200—220u (Anton, 1984). In the south- 
western Rub‘ al Khali, near the Late Pleistocene lake beds of the Mundafan area, 
McClure (1984) examined the granulometry of the sands from the ‘uruq and from 
lateral facies near the old lake beds. Sands from the nearby ‘uruq are medium- 
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grained (89% quartz), with a graphic mean size of 1.67, and were moderately 
sorted, positively skewed and platykurtic. A sample examined from the lateral dune 
edges consisted of fine-grained, well sorted sand (79% quartz), with a graphic mean 
size of 2.26, being nearly symmetrical with regard to skewness and mesokurtic. 
The grain size appears to increase to the south—westward in the Rub‘ al Khali and 
is mainly medium-grained sand in the long, linear ‘uruq dunes, as compared with 
fine-grained sand in barchans and megabarchans of the north-eastern part of that 
desert. For the western and south—western Rub‘ al Khali dune sands, Anton (1983) 
reports typical Md values of 0.15—0.4 mm with good sorting on high dune ridges, 
where the Trask’s sorting coefficient (S,) is 1.1-1.4, but with poor sorting of S, = 
2.6 on nearby deflation zones. 

For Al Jafurah sand sea, a wide range of sand sizes is reported, ranging from fine 
to coarse sand, 0.1-1.2 mm diameter, although the grain size Md values range 
from 0.12 to 0.4 mm, and sorting varies from 1.15 to 2.0 (Anton 1983). In para- 
bolic dunes of Al Jafurah, sands show distinct bimodality and the coarse compo- 
nent is attributed to creep, while the fine fraction results from a mixture of grainfall 
and saltation populations (Anton and Vincent, 1986). Barchans studied in Al 
Jafurah are predominantly very well sorted, fine-grained sand (76.7—9 6.22% fine- 
grained), and their skewness is nearly symmetrical (Shehata et al., 1992). 

The red dune sands of Ad Dahna were examined for grain size in a dune near 
Ash Shawyah, where they consisted predominantly of well sorted, medium- 
grained quartz sand, with an average grain diameter of 0.3 mm. Sand sheet in 
this area has a very similar grain size and sorting to the nearby dune sand (Al- 
Saafin, 1987). Grain size (Md) values for Ad Dahna sands range from 0.16 to 
0.45 mm, with a sorting coefficient (S,) of 1.1-1.8 (Anton, 1983, 1993). 

An Nafud, sand dunes also contain well sorted, fine-grained sand in active 
dunes and medium-grained sands in the more extensive stable dunes, which 
formed during the Pleistocene high latitude glacial intervals when winds of 
higher velocities transported the sands. Sands of the older stable dunes in An 
Nafud show poorer sorting than active dunes, and also contain small percentages 
of silt and clay, absent from active dunes. Whitney et al., (1983) attribute the bet- 
ter sorting of active dunes to their origin when their sands were winnowed from 
the pre-existing stable dunes. Studies of the aeolian sands of Kuwait (Khalaf 
et al., 1985, Khalaf, 1989a, 1989b) show that mobile sand dunes and associated 
active sand sheets of Al Qashaniyah (north-eastern Kuwait) and Al Wafra 
(southern Kuwait) both contain more than 70% of medium to fine sand and are 
unimodal, although the active dune sands are leptokurtic compared to the 
mesokurtic, well sorted sands of active sand sheets. The active dune sands of Al 
Huwaimiliyah (NW Kuwait) are also medium to fine-grained, but are bimodal 
and negatively skewed. Smooth sand sheets are the commonest aeolian deposits 
in Kuwait, and are trimodal with a mixture of three grain sizes O@ (1 mm), 1.5@ 
(0.75 mm) and 3@ (0.125 mm). Anchored vegetated sand dunes consist of 
slightly coarser sand, being moderately sorted and bimodal. Coarsening and pos- 
itive skewness increases downwind in these small dunefields (Khalaf, 1989a). 
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In the Baiji Desert of central Iraq, dune sands are fine-grained, with a mean 
grain size of 2—3@, and positively skewed. Dune crest sand is coarser, and finer 
sand occurs in troughs due to winnowing of finer material from crestal positions. 
Sorting is also best in dune crest sands and poorer in troughs between dunes 
(Al-Saadi, 1976). Aeolian sands of Ash Shamiyah Desert, in southern Iraq, have 
a bimodal distribution, due to the infiltration of their fine fraction by material 
from dust storms. Carbonate is also concentrated in the fine fraction and reaches 
30%. The dune sands of Ash Shamiyah Desert show a range of grain sizes from 
1.2 to 3.5, and are well sorted (Skoéek and Saadallah, 1972). 

In the Sinai Peninsula, certain areas are noted for their ‘singing sands’ and this 
is due to medium to fine-grained sands from 0.2 to 0.3 mm, which are also very 
well sorted and well rounded, as near Jabal Nakus on the west coast of Sinai, 3 km 
inland from the Gulf of Suez. Booming sound also occurs at this locality and is 
due to sand avalanches, which play a significant role in the advance of dunes 
(Sholtz et al., 1997). 

In the aeolian dunes of the Tihamah coastal plain, of the Al Lith-Al Qunfudhah 
area, the sands are composed of well sorted, positively skewed, platykurtic to lep- 
tokurtic, fine to medium-grained sand. Mean size of dune crest sands is slightly 
coarser (2.05-2.57¢) than that from stoss and lee sides (2.15—2.73@), while the 
mean size of sands on the stoss side is slightly lower than on the lee side (Taj et al., 
1988). 

Sand from coastal barchans on the Red Sea coast, 80 km north of Jiddah in the 
Wadi Khulays, examined by Binda (1983a) has a mean diameter of 2.524, being 
fine-grained, unimodal sand, which is slightly coarser on the windward side, and 
finer on the lee side of these barchans. Some samples on these barchans were pos- 
itively skewed and others negatively skewed, irrespective of their position on the 
dunes. This is due to variations in wind direction in the Wadi Khulays area, caus- 
ing admixture of ripple-trough sands. The mean skewness for a Wadi Khulays 
dune was —0.01 on the lee side, +0.07 on the crest and +0.08 on the windward 
side. Several barchans between Jiddah and Al Lith, ranging in height from 
1.7-5.0 m and 22.4—52.0 m wide, were examined systematically by Al-Harthi 
(2002). He found that these dune sands are all fine-grained (Graphic Mean M, of 
0.18—-0.27), moderately well sorted, and mostly positively skewed, although some 
dune crest sands were positively skewed, and others negatively skewed. 

In the Nafud Rumhat, on the eastern side of the Arabian Shield (lat. 23°30’N; 
long. 43°30’E), samples were examined from smooth surfaced barchans influ- 
enced by rather uniform northerly winds. Dune sands of the Nafud Rumhat are 
medium-grained, with a mean diameter of 1.88¢, and well sorted, positively 
skewed with more fine grains, have a mean skewness of +0.32, and are more 
leptokurtic (Binda, 1983b). Sands from dune crests in these barchans are better 
sorted and have higher kurtosis. 

The dune sands of Ramlat Al Wahibah in eastern Oman consist of fine to 
medium-grained, very well sorted sand, having a mean grain size of 2.62¢ and a 
mean sorting value of 0.49. Their distribution is nearly symmetrical and they 
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show near normal peakedness with a kurtosis of 1.04. The main area of linear 
megadunes, or ‘uruq, is somewhat coarser (2.476), while areas of active 
megabarchans on the eastern edge of the Wahiba Sands are considerably finer, 
with a mean value of 3.034, just reaching the category of very fine sand. Near 
coastal dunes consist of coarser sand with a mean value of 2.33 (Goudie et al., 
1987). 

In Bahrain, aeolian dune sands from 18 localities have an average grain size of 
0.18 mm and are mainly fine-grained sand, although grain size ranges from 0.03 
to 0.6 mm (Doornkamp et al., 1980). 

Figure 12.1 is a map of sediment grain size categories for Arabian sand deserts 
based on available data. 

Sands of the Sinai Desert are of four types, (1) foreshore marine sands, 
(2) those of the Holocene coastal dunes, (3) those of Pleistocene dunes, comprising 
most of the desert, and (4) those of old stabilized dunes of the Fakra Formation. 
Average diameter values for grain size (M_,@) in these different dune types are: 
foreshore dunes 1.39, coastal dunes 2.27, main dunes 2.21 and stabilized dunes 
2.57 (Tsoar, 1976). A marked difference in average grain size is apparent 
between foreshore marine sands and all aeolian dune sands, due to different 
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Fig. 12.1 Map of desert dune sand grain size distribution in Arabia. 
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transporting agents. Foreshore sands show better sorting than dune sands, and 
coastal sands are much more positively skewed than coastal sands, while the 
main continental dune sands show the highest skewness. 


12.3 ROUNDNESS OF AEOLIAN DUNE SANDS 


Roundness increases with distance of travel at first rapidly and then more slowly. It 
is, therefore, a measure of some interest concerning the derivation of Arabian sand 
dunes, especially as wind transport is 1|O0—1,000 times more effective in rounding 
grains than transport by water (Kuenen, 1959, 1960). The average mean round- 
ness (Folk, 1977) for transverse dunes of the north-eastern UAE is 4.15 (rounded), 
for barchans is 4.08, (rounded) and for large linear dunes, or ‘uruq is 3.95 (sub- 
rounded), with the lower roundness in linear dunes due to variable amounts of 
calcareous grains. The roundness of grains in these aeolian sands from the 
Emirates is considered to be inherited from the source sediments in southern Iraq 
and northern Saudi Arabia (Alsharhan et al., 1998). A slight increase in grain 
roundness and roundness sorting occurs in the direction of the prevailing wind 
(i.e. towards the south-east). Fine-grained sands in this area are angular in 62% 
of cases while 38% are sub-angular (Alsharhan et al., 1998). There is also an 
increasing roundness with increase in grain size (a general relationship), so that 
at Al Wijan, in the south-eastern UAE, the medium sand fraction is 78.2% 
rounded to sub-rounded, whereas angular classes are more abundant (~70%) in 
the very fine sands of the same area (El-Sayed, 1999). For the linear dunes of the 
south—western Rub‘ al Khali, McClure (1984) reports that the majority of the 
grains are rounded to sub-rounded. Sand grains of Ad Dahna are mainly sub- 
rounded. In Al Jafurah Desert, rounded grains form 29-30% of the total, 
although angular grains comprise 10-30% of some samples (Anton, 1983), and 
the frequency of rounded grains may suggest their derivation from reworked 
sandstones, such as the Hofuf Formation. Small linear dunes in the Wadi ash 
Shamaysi area of western Saudi Arabia examined by Sagga (1993) varied from 
rounded to sub-angular, with the rounded grains on the windward slope, while 
sub-angular grains accumulated towards the dune crest. These small, coastal, 
linear dunes are not typical of the great linear dunes, or ‘uruq of the large deserts 
of Arabia, and there is a close similarity between grain roundness for these local 
dunes and the wadi alluvium from which they were derived. Mean roundness was 
greater (4.47) for the medium-grained sand (1.50@), and less (2.7) for finer sand 
grains (2.50@). By comparison, sand grains from a linear dune in Al Jafurah, near 
Dhahran, showed a mean roundness of 3.74 for the 32% in the 2.5@ fraction, and 
3.96 for the 8% in the 3.5@ fraction (i.e. they are more typically sub-rounded). 
Dune sands from Bahrain have a mean roundness of 3.51. Barchan dune sands 
from northern Kuwait are commonly rounded to sub-rounded. In the Wahiba 
Sands, the mean roundness value of Powers (1953) is 3.35 and all samples exam- 
ined by Goudie et al., (1987) had a predominance of sub-angular to sub-rounded 
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grains. The ‘singing sands’ of the western Sinai Desert are well-rounded (Sholtz 
et al., 1997). The higher degree of roundness for dune sands of the Rub‘ al Khali 
and western Sinai suggest a longer distance of transport than those of Bahrain 
and the Ramlat Al Wahibah. A comparison by El-Sayed (1999) of the roundness 
of dune sand grains from various localities in the UAE with those of Bahrain and 
Kuwait, as well as from some African deserts, showed the greatest similarity in 
roundness for the northern Rub‘ al Khali dune sands to those from dunes in 
Kuwait (Fig. 12.2). From a similar graphic comparison, Goudie and Warren 
(1981) noted that grain roundness characteristics may be fairly consistent 
across a particular desert. They also observed that rounded desert dune grains 
are relatively rare in desert dunes. This differs from studies by Garzanti et al., (2003) 
who noted strong enrichment in quartz and common rounded grains in dune sands 
of Al Liwa’, in interior UAE. They also noted that, in Ramlat Al Wahibah dune 
sands, most carbonate and lithic grains, as well as half of quartz and dense miner- 
als are rounded. 

Sand grains from the barchan dunes of south-eastern Qatar are well-rounded 
to rounded, with numerous spherical grains. Their roundness varies irregularly 
with size, and also with position on the dunes. This is attributed to the maturity 
of these predominantly quartz sands (Ashour, 1984; Embabi and Ashour, 1993). 
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Fig. 12.2 Roundness characteristics of fine and very fine dune sands of the northern 
Rub‘ al Khali (UAE) compared with those from other desert areas. (Reprinted from 
Sedimentary Geology, v. 123, El-Sayed, M. I., © 1999, with permission of Elsevier). 
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Quartz grains of the Ramlat as Sab’atayn dunes are commonly rounded, indicat- 
ing their polycyclic origin from sedimentary rocks, most probably from the 
Cretaceous Tawilah Group sandstones. 

In the Sinai Desert, roundness of grains was slightly greater in coastal dune 
sands (0.5), using the visual estimation method of Krumbein (1941), but was the 
same for foreshore sands and aeolian sands (0.47), with old stabilized dune 
slightly less at 0.44 (Tsoar, 1976). 


12.4 SURFACE TEXTURE OF AEOLIAN DUNE SANDS 


Besler (1982) examined sand grain surface textures in the dunes of the UAE, and 
divided them into four types; sub-angular frosted, sub-angular polished, rounded 
frosted, and rounded polished. In the northern dune sands, the surfaces are homo- 
geneously sub-angular polished and were, she concluded, of fluvial origin. Dune 
sand grains of the southern sands near Al Liwa’ are of two types; the well- 
rounded-frosted large red grains, while the majority is rounded polished and aeo- 
lian. A study of surface textures of aeolian quartz sand from the Emirates showed 
both mechanical and chemical surface changes (Alsharhan et al., 1998). The 
mechanical changes to grain surfaces are meandering ridges, thin parallel plates, 
dish-shaped conchoidal fractures and irregular depressions. Meandering surface 
ridges are due to intersecting, slightly curved, conchoidal breakage patterns 
caused by grain impacts during wind transport. Thin, upturned plates oriented at 
an angle to the grain surface are also due to wind abrasion, and common in 
desert sands. Dish-shaped conchoidal fractures on grain surfaces were rare and 
due to collision, with compression between two sand grains, or between a grain 
and a hard, rough surface. Irregular depressions from 10 to 100u are caused by 
direct grain impact between grains in saltation or surface creep. Chemical 
changes to the surfaces of quartz grains are deeply etched gullies on fractures, 
V-shaped pits, quartz overgrowths, polygonal cracks and silica globules. Deeply 
etched gullies on fractures or linear boundaries result from dissolution of quartz 
grains due to dissolution of pedologically formed overgrowths, or marine abra- 
sion, probably the former as this kind of etching was found commonly on the lee 
side of dunes. V-shaped solution pits are also characteristic of soil horizons. 
Polygonal cracks found rarely on grains may be caused by the chemical weather- 
ing effect of salts crystallized on the grains, and are taken as good indicator of 
desert environment. Quartz overgrowths are rare and occur as fillings in solution 
cavities, being typical of pedological precipitation and diagenesis in low energy 
continental conditions. Small silica globules from 3 to 8u are also rare, and typi- 
cal of the same conditions as quartz overgrowths. The types of surface textures 
found on quartz grains of dune sands in this area of the north-eastern Rub‘ al 
Khali are all good indicators of the desert aeolian environment. Sand grains of 
the large reddish linear dunes of the south-western Rub‘ al Khali have a frosted 
surface texture. Optically continuous overgrowths occur rarely on quartz grains 
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in this area, and also very rarely on feldspar grains. An indication of the sedi- 
mentary source of the dune sand grains is the occurrence of rare euhedral quartz 
and feldspar, where overgrowths have been preserved (McClure, 1984). Barchan 
dune sand grains from Kuwait have smooth surfaces, with a few mechanical pits. 
V-shaped depressions, conchoidal fractures and dish-shaped depressions also 
occur on these grain surfaces. Saltation is the cause of dish-shaped depressions, 
but V-shaped impact pits and curved sutures are probably a relict of a marine 
environment, indicating that the barchan sands are recycled. Smoothness of 
barchan sand grains is due to evaporative processes in the barchans tending to 
smooth over corners by silica precipitation (Al-Saleh and Khalaf, 1982). Surface 
features of the barchan dune sands of south-eastern Qatar are most commonly 
upturned plates or parallel ridges, probably cleavage scarps resulting from colli- 
sions during saltation. Polygonal cracks on the surfaces of these grains are prob- 
ably the result of dehydration, aided by precipitation of salts on their surfaces. 
V-shaped pits on these Qatari sand grains may indicate movement within a lit- 
toral environment from which they derived (Embabi and Ashour, 1993). Among 
the sand grains of the Sinai Desert, Tsoar (1976) found characteristic aeolian 
dense pitting in those of the main continental dunes, while coastal dunes were 
less pitted and showed some meandering ridges and scratches. The foreshore 
marine sand grains had shallow V-shaped depressions, blocky conchoidal frac- 
tures, and straight or crooked scratches typical of wave action. 


12.5 GRAIN COATINGS AND DUNE COLOUR 


Coatings occur commonly on sand grains of Arabian dunes, where they often 
impart distinctive colours to the dunes, most notably the rust red colour of many 
dunes in the Rub‘ al Khali, Ad Dahna and Nafud ath Thuwayrat. The older dunes 
stable dunes of An Nafud have a strong yellowish red colour (Munsell colour 5 YR 
6/8 to 5 YR 5/8). They were described by early travellers (Wilfred and Lady Anne 
Blunt, 1881) as having a ‘rhubarb and magnesia’ colour. Younger active dunes 
are reddish yellow (7.5 YR 8/6) to yellow (10 YR 8/6) (Whitney et al., 1983). As 
Whitney’s information on dune colour is for the central An Nafud, it should be 
noted that this is a slightly lighter coloured part of An Nafud. Linear megadunes 
of the Ramlat Al Wahibah have an ‘apricot’ colour and, according to the Munsell 
colour chart, are 7.5 YR 6/6 to 7.5 YR 5/6, or reddish yellow to strong brown 
(Goudie et al., 1987). The reddish colour of these large linear dunes reflects the 
presence of iron oxide coated quartz grains (Gardner, 1988). Dunes of Al Jafurah 
are younger and are lighter coloured, very pale brown to near light grey around 
10 YR 7/3. The cause of these various colours is the presence of grain coatings of 
haematite, and/or goethite, even mixed with some manganese oxides in places. 
These grain coatings only seem to appear on the older Late Pleistocene dunes, 
which have been subjected to wetter, semi-arid conditions, when weathering of 
underlying rocks and moisture in the dunes led to iron and manganese bearing 
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fluids penetrating the dunes sands. These were converted into ferric, and more 
rarely manganese oxides in arid intervals of dehydration. Not only are older 
dunefields more strongly coloured, but there is also an increase in redder dunes 
inland, as has been noted in the Namib Sand Sea (Walden and White, 1996; 
Walden et al., 2000). Further analytical studies of redness in the Namib dune 
sands have shown a greater variability in the proportions of haematite and 
goethite (Walden et al., 2000). Comparison of ferric oxide grain coatings, in the 
dune sands of the Emirates in the north-eastern Rub‘ al Khali, showed a clear cor- 
relation between the percentage of grains with coating and the Munsell colour. 
Dunes 10 km inland from Dubai with 2% coatings have a Munsell hue of 10 YR 
6/4, those 40 km inland from Dubai with 39% coatings have a hue of 7.5 YR 5/6 
and those 70 km inland just north of Al Liwa’ with 56% coatings have a hue of 
5 YR 5/6 (Besler, 1982). A study of dune colour, in the most north-eastern part 
of the Rub’ al Khali, using differences in spectral reflectance of various Thematic 
Mapper bands, by White et al., (2001) has shown that dune sands are redder 
towards the Oman Mountains and paler towards the west. This is thought to be 
due to more reddish sand of terrestrial origin towards Al Hajar, while sands fur- 
ther west have acquired a higher carbonate content when the sea level in the 
Persian Gulf rose rapidly between 10 and 6 ka BP. The close proximity of their 
eastern redder dunes to the ’Sama’il Ophiolites of Al Hajar, which coloured the 
central western part of the Ramlat Al Wahibah (Goudie et al., 1987), may also be 
explained by runoff from these ophiolites, as well as from the Hawasina Group 
and the iron rich oolite overlying the Wasia Group on the south side of Jabal 
Akhdar (Tschopp, 1967). Satellite images of Arabia clearly show the marginal 
nature of most reddish coloured sand dunes, which form a belt of large red dunes 
along the eastern and southern edges of the Rub‘ al Khali. The somewhat finer 
linear dunes, or ‘uruq, of western part of the western Rub‘ al Khali are not so red- 
dish and appear to be younger transgressing over the older southern dunes 
(Fig. 11.8). Large linear dunes, ‘uruq, of the western and south—western Rub‘ al 
Khali mostly range in colour from reddish yellow to light yellow, or from 7.5 YR 
7/6-7/8 to 5 YR 7/6—7/8 (Anton, 1993). Another belt of reddish dunes extends 
through Ad Dahna, Nafud al Mazhur, and along the northern side of An Nafud. 
Ad Dahna dunes fall into the reddish-yellow category (Munsell 7.5 YR 6/8), and 
their reddish colour is attributed by Anton (1993) to erosion of small alluvial fans 
along the Ad Dahna corridor, upon which reddish soils have developed providing 
a source for the iron coated grains. In An Nafud Desert, the most strongly col- 
oured sands lie in the north-western prolongation of Al ‘Urayq area, yet the sands 
of the western An Nafud are much lighter, except for an area along their margin 
with the ferruginous Lower Palaeozoic sandstones of the Tabuk Basin. These dif- 
ferences in dune colour are better shown on the albedo image of Arabia (Fig. 1.5), 
since the darker the dune colour the more it absorbs light and becomes heated, 
while light areas are more reflective and cooler. The same can be seen on MODIS 
imagery, and comparison with a detailed drainage map of Arabia also helps to 
explain why ‘uruq of apparently similar age are markedly lighter in the central 
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Rub‘ al Khali (Fig. 6.4). The barchan dunes of south-eastern Qatar are also light 
in colour and represent mature dune sands which have moved up to 140 km 
across the Qatar Peninsula. XRD analyses of grain coatings on these sands 
(Curtis, 1985) showed the presence of calcite and dolomite in all samples incor- 
porated as dust. Where these barchan sands rest on sabkhah surfaces, grain sur- 
faces contained gypsum and halite. Clays, such as chlorite, illite and kaolinite also 
form grain coatings, and palygorskite was found commonly in Qatar dune sands, 
the latter being only stable under continued alkaline, evaporitic conditions 
(Embabi and Ashour, 1993). 

The reddish colour of Ad Dahna dunes is the result of regional drainage and 
geomorphology and is only influenced to a lesser extent by climate (Anton, 
1993). An image of the coloured northern Ad Dahna dune sands shows the rela- 
tionship of drainage to dune colour in more detail (Fig. 12.3). Those dunes bor- 
dering the northern Hadramawt Arch received more runoff from the many 
north—-flowing widyan during Pleistocene semi-arid wetter intervals, just as those 
megadunes of the north-eastern Rub‘ al Khali received more runoff from the 
Oman Mountains (Al Hajar). Dunes in the ‘Uruq Al Mut’aridah area of the 
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Fig. 12.3 The red coloured sands of Ad Dahna (here appearing medium grey) border 
the discharge of many small intermittent streams, or widyan, from the Interior Homocline. 
(MODIS image with drainage superimposed.) 
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north-eastern Rub‘ Al Khali are reddish yellow, ranging from Munsell Chart 
Colour 7.5 YR 7/6 to 7.5 YR 7/8 (Anton, 1984), with some between 5 YR 7/6 to 
7/8. Runoff from the dip slopes of the sedimentary escarpments of central Arabia 
also affected the reddish yellow dunes of Ad Dahna (Munsell 7.5 YR 5/8), and the 
similarly coloured dunes of Nafud al Mazhur during Pleistocene wetter phases. 
Both these dunefields have ferric iron coatings in 80% of sand grains. An Nafud 
has red coloured sands along its southern margin, where there has been runoff 
into the dunes from higher areas of the Tabuk Basin and northern Arabian 
Shield, and on its northern border where runoff has occurred from the Jawf- 
Sakakah structural high. The reason why the north-western prolongation of An 
Nafud, in Al ‘Urayq area is more strongly coloured is because it adjoins slightly 
higher areas of the Palaeozoic Tabuk Group sandstones on both sides, and these 
sandstones contain ironstone and haematite locally, and are ferruginous with a 
purple, buff, brown, or brick red colour (Powers et al., 1966). It appears that the 
reason for strongly coloured dunes with grains coated mainly by ferric oxide is 
not just because they are further inland, or because they are Pleistocene dunes 
subjected to humid intervals, but because they bordered areas, of runoff during 
the wetter phases of the Late Pleistocene and Early Holocene. Dunes of appar- 
ently similar age in the centre of the Rub‘ al Khali, and in the centre and west of 
An Nafud, are much lighter and predominantly yellow, as they were farther from 
closely spaced Pleistocene drainage. The relationship of dune colour to drainage 
ignores the still largely unknown ages of many different dunefield areas and dune 
coloration may well be partly age related. Composition of dune sands also plays a 
part, as seen in the lighter more calcareous dunes of the UAE, within 130 km 
from the Persian Gulf coast. The Ramlat Al Wahibah linear megadunes, or ‘uruq, 
largely avoided the numerous widyan that drain the immense pediment on the 
south-eastern and southern sides of Al Hajar, as Wadi al Batha and its tributaries 
drain Al Hajar ash Sharqi towards the east south-east to the north of this desert. 
Some coloration of the northern dunes in this desert is attributed to old drainage 
from the Wadi al Batha system. The Wahiba Sands also lie in an area of greater 
average annual rainfall mostly between 100 and 165 mm (three times that of 
most of the Rub‘ al Khali) and have a considerable component of calcareous 
grains, hence their overall lighter colour once called ‘apricot’. The eastern Ramlat 
as Sab’atayn also consists of light coloured sands, as they are also in an area of 
higher rainfall between 118 and 170 mm and have also had an ancient Holocene 
river running through the area, but the ribbed ‘uruq of the south- 
western and southern Ramlat as Sab’atayn are quite reddish, probably because 
they are stained by runoff from the Precambrian rocks of the Al Kawr Shield, and 
also from the reddish sandstones of the Cretaceous Tawilah Group exposed in the 
western Hadramawt. Anton and Gebze (1986) used a colorimeter and a color 
maturity index (CMI) to define the colours of 53 samples, mostly from dunes 
and some from alluvial deposits and desert pavements, as they considered previ- 
ous Munsell color assignments too variable and subjective. Their CMI is defined 
as: CMI = D (density) — 2 x R (redness) + G (greenness) + B (blueness) + 1. They 
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noted that the reddest dune sands were those of the eastern Rub‘ al Khali and Ad 
Dahna, with a CMI value of 1 or less, while the whitest were those of Al Jafurah 
sand sea with CMI values from 1.46 to 2.0, previously described as very pale 
brown near light grey, or 10 YR 7/3 on the Munsell chart (Anton, 1983). 
Coloration by iron oxides is from nearby red sandstones, alluvial sediments, pedi- 
ments and deflated palaeosols, and is unrelated to transport under arid condi- 
tions. The dunes of Al Jafurah, being much younger, have few yellow grains and 
no iron coatings (Anton, 1993), so that they are pale coloured and generally very 
pale brown near light grey (Munsell 10 YR 7/3). In the relatively moist dunes of 
the northern Negev, sands below a depth of 30 cm never dry out and grain coat- 
ings of silica with variable amounts of Al, Fe, K and Ca occur. Where the amount 
of ferric iron is higher, the grains are redder (Pye and Tsoar, 1987). In the main 
Sinai Desert, coloration of dunes using the Munsell color charts increases inland. 
Coastal dune are very pale brown (10 YR 7/40, and for the main continental 
dune sand is brownish yellow (10 YR 6/6). The red colour is due to a clay enve- 
lope around these sand grains, and a greater amount of ferric oxide in this clay 
envelope further from the coast (e.g. 8.9 ppm Fe,O, per 1 gram sand in coastal 
dunes, and 41.0 ppm/gram in continental dunes). Tsoar (1976) concludes that 
this increased coloration inland is not only a function of distance from the sea, 
but also due to the greater age of the continental dunes, which have been 
subjected to weathering under arid subtropical conditions for a longer time. 
Gardner and Pye (1984) reached a similar conclusion that many dunes on pres- 
ent desert margins were stable before 20 ka BP, and during Early Holocene, 
providing opportunities for rapid pedogenic rubefaction. They consider five basic 
requisites for reddening of sands to be: (1) an iron source, (2) availability of mois- 
ture, (3) interstitial oxidation, (4) dune stability, and (5) sufficient time for iron 
oxide accumulation. The dunes of the UAE become redder towards the south, 
where dunes are older and Embabi (1991) concluded that this showed that red- 
dening of dune sands increased with age and distance, although the dunes of the 
UAE are considerably more calcareous near the coast, and much higher in quartz 
sand content inland. 


12.6 MINERALOGICAL COMPOSITION OF ARABIAN 
DUNE SANDS 


The mineralogical composition of Arabian dune sands is usually predominantly 
quartz, generally with calcite, dolomite, and feldspar as secondary components, 
and a minor percentage of heavy minerals. The latter include pyroxenes, amphi- 
boles, zircon, staurolite, garnet, rutile, monazite, biotite, sphene, epidote, and 
tourmaline, as well as opaque minerals. Quartz forms 97% of sands in the 
megabarchans of the ‘Uruq al Mut’aridah, in the north-eastern Rub‘ al Khali, 
with feldspars from 0.5 to 2% and mafic minerals under 3% (Anton, 1984). ‘Uruq 
sands of the south—western Rub‘ al Khali contain up to 89% quartz, up to 20% 
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feldspar, a trace of calcite clasts and 0.50% of heavy minerals (McClure, 1984). 
In contrast, dunes between Abu Dhabi and Al Ain contain only between 11.62 
and 28.25% quartz, with from 43.40 to 61.24% calcite, and from 16.80 to 
40.62% dolomite (Ahmed et al., 1998). These dunes with high calcareous con- 
tent are within 100 km of the Persian Gulf, and the quartz content increases 
inland, while the calcite content drops from 61.24% about 10 km from the coast, 
to 43.40% at Al Samra, some 97 km inland. They are all considered younger 
dunes by Goudie et al., (2000) and may have been derived from transgression of 
the Persian Gulf in the Late Pleistocene and Early Holocene. Shells of foraminifers 
are found in the dune sands of the Emirates (B. H. Purser, personal communica- 
tion) and provide evidence that some of the sand has blown from an intertidal 
environment, or from marine sediments of the Gulf exposed by lowered sea lev- 
els. Studies of sediment provenance for these carbonate-rich dunes of the north- 
ern UAE show a rapid increase in limestone rock fragments coastward, epidote 
enrichment (in western UAE), and a northward increase in cassiterite. This is con- 
sistent with an ultimate source in the Zagros Ranges, although probably blown by 
the Shamal from Zagros-derived sediment in the Persian Gulf during Pleistocene 
sea level low-stands. In Al Liwa’, near the UAE/Saudi border, mineralogical com- 
position is already dominated by monocrystalline quartz (71-76%), with 
feldspars (14-16%) and only 6—7% lithic carbonate grains. These dune sands are 
polycyclic sands, and are considered to be derived from erosion of the west 
Arabian highlands by Garzanti et al., (2003). The megabarchans of the ‘Uruq al 
Mu’ taridah, with 97% quartz, may have originated in a similar manner. 

In the Ad Dahna, the quartz content is reported to be 99% (Anton, 1984, 
1993), and sand from this dunefield has 100% sand fraction at Ash Shawyah 
(Al-Saafin, 1987). 

Dune sands of Al Jafurah contain 90-99% of quartz grains, although lower 
values are found in finer fractions (Anton, 1993). Mobile inland dunes of 
Bahrain have a mean value of 68.60% insoluble residue quartz, including a 
mean value of 9.32% silt and clay, so that the mean carbonate value is 31%. 
Some dune sands contain 82.19% insoluble quartz residue, with as little as 
2.57% silt and clay, and the lowest mean values of carbonate content are 17.81% 
(Doornkamp et al., 1980). The relatively high carbonate content in Bahrain’s 
inland dunes is as expected for such a near coastal setting. The Jafurah dune sands 
contains from 90 to 99% quartz grains, with lower values in finer fractions 
(Anton, 1984). In the Ramlat Al Wahibah, the mean carbonate content of 
unlithified dune sands is 33.36%, and reaches over 60% in areas near the coast, 
as well as being over 30% in a broad area of the western and north-western 
sands, and over 40% in an area of the north-eastern sands (Goudie et al., 1987). 
This indicates the origin of these sands from nearby areas of the Arabian Sea shelf 
exposed during Pleistocene high latitude glaciations. The presence in the Ramlat 
Al Wahibah dune sands of garnet and high grade metamorphic minerals, such as 
staurolite, kyanite and sillimanite indicates minor contribution from the Hugf 
and Hadramawt, while presence of amphiboles, clinopyroxenes and enstatite 
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indicates some derivation from the Al Hajar ophiolite belt. The larger dunes in the 
northern Ramlat Al Wahibah contain higher feldspars and more rounded quartz 
grains, suggesting mixing with sands of the Rub‘ al Khali (Garzanti et al., 2003). 
Dune sediments of Kuwait have been studied by Pitcha and Saleh (1977), as well 
as by Khalaf (1989a, 1989b), Khalaf and Al-Hashash (1983), and Khalaf and 
Gharib (1985), although mainly with regard to textural and roundness charac- 
teristics. 

Heavy minerals in the dunes of the north-eastern Emirates are more common 
in large, linear dunes, or ‘uruq, where they comprise between 0.22 and 0.93%, 
less frequent in transverse dunes from 0.39 to 0.65%, and least frequent in 
barchans, where they range from 0.09 to 0.15%. Overall composition of various 
different minerals within the heavy mineral assemblage are opaque minerals 
(54.34%), pyroxenes (13.19%), amphiboles (13%), zircon (11.85%), staurolite 
(2.36%), garnet (2.18%), rutile (0.713%), monazite (0.21%), biotite (0.16%), 
and sphene (0.051%), with epidote and tourmaline both rare. From this miner- 
alogical composition, Ahmed et al., (1998) compared the dune sands of the NE 
Emirates with sediments of the Kuwait Group and the Dibdibba Formation. 
Comparison with the mineralogical composition of the Agha Jari Formation 
(‘Upper Fars’) also reveals distinct similarities. Phillip (1968) gives the following 
analysis of the Agha Jari from southern Iraq averaged for 6 samples: opaque min- 
erals (26.9%), pyroxenes (9.55%), amphiboles (11.63%), zircon (1.3%), garnet 
(4.58%), rutile (1.27%) and biotite (3.2%). There are interesting similarities, 
although epidote is relatively high in the Iraq samples and rare in the north- 
eastern UAE, while epidote enrichment does occur in the western UAE. Epidote 
tends to break down with long-range transport. Ahmed et al., (1998) found a 
greater concentration of zircon at dune crests, and linear dunes had a higher 
content of pyroxenes, zircon and rutile, while barchans had a relatively higher 
concentration of amphiboles, garnet and staurolite. These variations within the 
dunes of this part of the north-eastern Rub‘ al Khali are due to selective sorting. 

Dune sands of Ramlat as Sab’atayn are particularly quartose, with quartz 
grains comprising 90% and feldspars only 3% (Garzanti et al., 2003). They are 
considered to originate from polycyclic sandstones of the Tawilah Group. 

Mature barchan dune sands of south-eastern Qatar contain generally similar 
heavy mineral assemblages. Magnetite and ilmenite dominate the opaque miner- 
als, and the main non-opaque mineral is garnet. Two distinct groups of minerals 
are present. Those of local origin including apatite, collaphane, anhydrite, and 
kyanite, and exogenous minerals, like garnet, diopside, rutile, zircon, sillimanite, 
and epidote (Embabi and Ashour, 1993). 

The dune sands of the Baiji Desert in Iraq are mineralogically immature, but 
their maturity increases downwind. Their main components are quartz and 
feldspar, which form 80%, and lesser amounts of chert, feldspar and rock frag- 
ments. Principal heavy minerals are opaque minerals, epidote and garnet (Al- 
Saadi, 1972). Dune sands of the northern Ash Shamiyah Desert examined by 
Mahmoud and Al-Ani (1986) contain a heavy mineral association with relatively 
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large quantities of opaque and unstable minerals of the hornblende, epidote and 
pyroxene groups. The high concentration of pyroxenes forming 35—44.3% of the 
heavy minerals, epidote (up to 25.2%) and amphibole (1.9—7.8%), indicates the 
dunes were transported short distances. The local accumulation of celestite is 
unusual and is attributed to material from the Dibdibba alluvial fan, where there 
is an unusually high proportion of diagenetic celestite (Khalaf et al., 1982). In 
general, the heavy mineral association in Ash Shamiyah Desert sands reflects 
their origin from sediments of the lower Mesopotamian Plain (Skocek and 
Saadallah, 1972). 

Mineralogy of dune sands of the Sinai Desert show the presence of CaCO, in 
relatively high percentages in foreshore dune, due to inclusion of shell debris, but 
decreasing rapidly inland, where CaCO, in older dunes is associated with their silt 
content (Tsoar, 1976). Heavy mineral content of the coastal dunes is relatively 
high, but that of the main continental dunes and stabilized dunes is low. 
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Desert dust and loess 


Dust is fine airborne sediment with particles ranging from smaller than 2 um to 
the lower limits of fine sand at 100 um, although most wind blown dust consists 
of silt and clay particles from 2 to 50 um. Fine wind-blown particles, excluding 
sand (>0.5 mm particles), are flottsand (70-200 um particles), loess (5-70 um 
particles), and long range aerosol dust (1-10 um particles) (Jackson, 1981). As 
air masses in the atmosphere become heated, aeolian dust is carried to heights of 
1.5-3 km (Prospero and Carlson, 1972). These particles are carried on high 
winds and brought down in rain. Dust plays an important role in deserts, not only 
in removing fine sediment from their surfaces by deflation, but also by infiltrating 
dune sands due to rainfall. The amount of fine sediment removed from alluvial 
deposits by deflation in Arabia is enormous, as can be seen by the Pleistocene 
gravel ridges, which were once wadi channels, now standing out 20 m above the 
Dibdibba alluvial fan. If these gravel channels were formed in the last major 
Pleistocene wetter phase around 20 ka BP, this would yield a low rate of surface 
lowering by deflation of just 1mm/ka. For the Sahara, lowering of the surface by 
deflation has been estimated at 6 mm/ka (Summerfield, 1991). The Early 
Holocene wetter interval from 5.5 to 10 ka would have certainly added to the 
huge Dibdibba alluvial fan, and its rate of surface lowering by deflation is thus more 
probably 3.5 mm/ka. The Mesopotamian alluvial plain is a major source of dust 
and 2.1 cm/year is added to the northern Persian Gulf by airborne dust (Kukal 
and Saadallah, 1973). In the northern dunes of the Sinai Desert, dust does not 
penetrate more than 100 cm (Tsoar and Zohar, 1985), and here the annual rain- 
fall is ~100 mm. The dust is washed into textural subsoil lamellae (Dijkerman 
et al., 1967), and some accumulates as a surface crust encouraging growth of 
fungi and lichens (Danin, 1986b). Dust also contributes to desert varnish (Allen, 
1978), and to case-hardening of desert rocks, as well as to duricrust formation. It 
also adds to the redness of sand grains (Pye and Tsoar, 1987). Desert varnish 
largely originates as a concentration of iron and manganese from desert dust 
(Péwé et al., 1981), although 70% consists of clay particles. Recent studies show 
that desert varnish also contains organic compounds, such as polysaccharides 
and amino acids, which may play a role in polymerization of silicic acid (Perry 
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and Kolb, 2003). There are no known measures of the rate of desert varnish 
accumulation in Arabia, but studies for central Arizona have found that 270 t/ha of 
iron oxides and 3.8 t/ha of MnO are deposited every 10,000 years (Péwé et al., 
1981). The result of fine dust accumulation in sheltered areas of Arabia has been 
the formation of loess, which has formed unstratified, or finely stratified deposits, 
principally during the cold glacial intervals of the Pleistocene (Muhs, 2004). 
Studies of ice cores in Antarctica and Greenland have shown that glacial inter- 
vals of the Quaternary were especially dusty and a relative forcing of climate by 
Ice Age dust has been indicated. The largest long-term climatic effect of airborne 
dust during the Last Glacial Maximum (LGM) is likely to have been a cooling in 
tropical and near tropical regions. At 15° N latitude, an estimated 85 g m?/year 
of dust accumulated during the LGM, compared with 38 g m?/year at present. 
Studies of dust accumulation in the Arabian Sea during the last glacial cycle 
show a significant presence during this cycle (Leuschner et al., 2004), with quasi- 
periodic oscillations in the Dansgaard/Oescher band (1,000-3,000 ka). 


13.1 DUST FORMATION 


Dust formation requires not only a strong wind, but also turbulence. In the dry desert 
air of Arabia, there is a wide diurnal temperature difference, which favours dust dur- 
ing daytime when turbulence is greater due to an unstable boundary layer. The min- 
imum wind speed required to move dust is 11.176 ms“!. Sand grains from 0.08 to 1 
mm diameter have a lower threshold speed of 4.47-6.71 ms7!. A friction velocity of 
over 60 cm s is typically needed to raise dust. Threshold dust-raising wind speeds for 
different desert environments are given in the following table (Fig.13.1). 








Environment Threshold wind speed 
Coarse-to-medium sand in dunefields 4.47-6.71 ms! 
Sandy areas with poorly developed desert pavement 8.94ms! 

Fine material, desert flats 8.94-11.17ms? 
Alluvial fans, continental sabkhah and dry lake beds 13.41-15.65ms1 
Well-developed desert pavement 17.88 mst 





Fig. 13.1 Threshold wind speeds for dust-raising in different desert environments. 


13.2 DUST SOURCES 


Within Arabia, the main sources of dust are the alluvial plains of Iraq, the 
plateau of eastern Jordan, the Jazirah (Jezireh) of eastern Syria, and the interior 
plains of Dhofar and adjacent interior eastern Yemen. For the Sinai, Palestine and 
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Israel, the dust sources are Egypt, the Sahara, and Chad carried by the Khamsin. 
In the Tigris-Euphrates Basin of Iraq, dust activity commences in May, reaches a 
maximum by July due to the north—westerly Shamal and declines by September 
to November. This dust is carried down the Persian Gulf and along the flat, low- 
lying terrain of Kuwait and north-eastern Saudi Arabia, to Qatar and the 
Emirates coastal areas (Fig. 13.2). 

Concentration of transported dust appears to be topographically controlled 
(Fig. 13.3), and avoids the plateaux of Saudi Arabia and Yemen, being limited by 
the 200-500 m contour of the western plateau (Prospero et al., 2002). There are 
no indications of dust activity and accumulation in the 1,300 km long Ad Dahna 
or the 57,000 km? An Nafud Desert. In July and August, dust activity spreads to 
the northern Rub‘ Al Khali Desert, although that sand desert is not itself a source 





Fig. 13.2 Dust storm of 14 May 2004, seen blowing out of the plains of southern Iraq 
into the Persian Gulf. A plume of dust extends down the Gulf to north-eastern Saudi 
Arabia, Bahrain, Qatar and the United Arab Emirates. (NASA image, Courtesy of NASA 
Goddard Space Flight Center.) 
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Atmospheric soil dust in Arabia (Prospero 2002) 


Fig. 13.3 Atmospheric soil dust in Arabia and the Gulf shown as mean monthly values 
of TOMSAAI (Total Ozone Mapping Spectrometer Atmospheric Aerosol Index). Note the 
highest values of soil dust are in southern Iraq, Al Jafurah and NW Rub‘ al Khali, and in 
the najd of northern Dhofar. The correspondence of dust concentration with lower topog- 
raphy is also shown (lower topography is here expressed as darker grey. (Modified from 
Prospero et al., 2002.) 


of dust, since there is very little residual dust in the dry, well sorted dune sand. In 
Oman, dust sources are most active in July and August, and least in winter, with 
the many braided widyan providing clearly defined areas of dust supply even dur- 
ing the SW Monsoon. Here too, dust is limited to below 200—500 m by the topog- 
raphy of Al Hajar to the north, and by the Dhofar coastal ranges and plateau to 
the south. The greatest centre for dust lies some 200 km south of Baghdad in the 
vast, low-lying, hot and arid, alluvial plains of southern Iraq, covering 130,000 
km?, and the dried out former marshlands. Much dust reaches western Arabia 
and Yemen from north-eastern Africa. 

The sources of dust in Arabia have recently been investigated as part of the 
recent studies of dust distribution and concentration modelling of PM,, (particles 
<10 um diameter) by Draxler et al., (2001), or from TOMS (Total Ozone Mapping 
Spectrometer) carried by Nimbus 7 satellite. They have shown that old arid ter- 
rain and large sand seas are not good dust sources. Washington et al., (2003) used 
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TOMS and surface observations to highlight the lower Mesopotamian plain as the 
main source of dust in the Middle East, with another small area of intense dust 
activity in the Saudi-Oman border region (more correctly, interior Dhofar), and 
also in Ad Dahna sand sea, which is not a major dust source as noted by Prospero 
et al., (2002). A map showing the main fine sediment source areas of Arabian 
dust (Fig. 13.4) is based on recent studies (UCAR, 2003) by the National Center 
for Atmospheric Research (NCAR) and released by NOAA (2002). Instead, the 
association is with fluvial deposits, so that present-day alluvium and deep 
Quaternary alluvia deposited in wetter intervals are the primary source regions. 
Point sources of origin for dust in Arabia are shown in Fig. 13.5 based on 
Coupled Ocean Atmosphere Mesoscale Prediction System (COMPAS) studies 
(2003). The source areas with the highest erodible fraction (0.4—0.5) are in the 
widyan area of northern Saudi Arabia and western Iraq. The next most erodible 
areas (0.1-0.4) are in the Shatt al Arab delta, As Summan area of north-eastern 
Saudi Arabia and in Al Jafurah, plus a small part of the north-western Rub‘ al 
Khali. Most of southern Iraq, Kuwait, north-eastern Saudi Arabia, Qatar and the 
northern and central Rub‘ al Khali lie in the next most erodible area (O.1—0.03), as 
well as the much of the Libyan Desert and parts of northern Sudan. Interestingly, 
the extensive megabarchan areas of the NE Rub‘ al Khali show no erodibility. 
There are some minor sources in the southern Arabian Shield, and in the Sinai 
Peninsula, and some associate loess-like deposits on the Arabian Shield said to be 
‘from widespread Cretaceous and Tertiary saprolites’, which are being exhumed 
by erosion, rather than from Saharan dust (Saudi Geological Survey, 2005). 

It is difficult to see how loess could have accumulated in south-facing caves in 
Dhofar, southern Oman, unless it originated in north-eastern Africa. There is 





Fig. 13.4 Source areas of fine sediment for dust in Arabia. (Modified from UCAR/NCAR, 
2003.) 


302 Chapter 13 


evidence to show that considerable dust originates in north-eastern Africa 
(Chad, Libya, Sudan and Egypt), from where it is blown by the Khamsin into 
Sinai, Jordan, Palestine/Israel, Syria, Iraq and northern Saudi Arabia (Figs. 13.6 
and 13.7). Dust is also blown into south—western Saudi Arabia through the Tokar 
Gap (Fig. 13.8). There was very much more dust in Pleistocene glacial intervals 
as shown by ice cores, such as EPICA Dome C Ice Core, with dust levels up to 
1,400 ug/kg, averaging 680 ug/kg, compared with 14 ug/kg today (EPICA, 
2004). Winds were much stronger in these glacial intervals. Dust bulk concen- 
tration decreased from the LGM to the Holocene by a factor of 50 showing how 
very dusty the LGM was, while dust grain size was smaller in glacial intervals, 
when wind strength increased (Delmonte et al., 2002). 

Sands of the Sinai Desert often have coatings of clay, which causes dune col- 
oration. Bullard et al., (2002) have recently demonstrated the production of fine 
dust-sized particles from aeolian abrasion of such coated sand grains, which are 
not usual in other Arabian dune sands. Silica particles in bedded chert are gener- 
ally of the order of 8—10 um, similar to the size of particles in airborne dust from 
warm deserts, and dust accumulated in seas may be the source of bedded chert 
(Cecil, 2004). 

Prospero, quoted by Perkins (2001) states that “North Africa is pumping dust 
everywhere, all year long, almost every day,” and shows that the Lake Chad Basin 
and northern Sudan are prolific dust sources for Arabia, Europe and even the 
eastern USA (Prospero, 1999). 
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Fig. 13.5 Dust source areas in Arabia and north-eastern Africa from the COAMPS dust 
model, based on data at 27 km grid spacing. As the original is coloured, numbers are given 
to various grey shades from 2 (the most erodible areas) to 6 (the least erodible areas, very 
dark grey), except for white areas with no record no erodibility. (Modified from a COAMPS 
dust source model for SW Asia, 2003.) 
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Fig. 13.6 Image of dust transported into the Sinai Peninsula, northern Saudi Arabia, 
Jordan, Palestine, and western Iraq. This dust, shown here as a grey band and patches with 
white borders, has its origin in Chad, Sudan and Egypt. (Source NASA image 19.3.05.) 
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Fig. 13.7 Dust forecast map for 27/05/03, showing that the main centre for dust is 
North Africa, from where it spreads into Arabia. (Source NASAMITZPE Dust Forecast.) 
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Fig. 13.8 NOAA-17 image of a massive Saharan dust storm spreading NE across Egypt 
on January 23, 2004. The dust haze spreads over the Sinai Peninsula, and blankets parts 
of Jordan, Palastine/Israel, Syria and western Iraq. To the south, dust crosses the Red Sea 
from the Sudan through the Tokar Gap, covering parts of western Saudi Arabia and Yemen 
(Image courtesy of NOAA). 


13.3 LOESS 


The quantity of wind-transported desert dust in Arabia is prodigious, and yet the 
accumulations of loess, or loessic silt and loess-soil are relatively small in area. 
This anomaly is explained by the relatively strong wind conditions in the deserts 
of Arabia, which do not favour the settlement of fine loose sediment, and the fact 
that loess is typically associated with peri-glacial conditions, as in the so-called 
Pleistocene glacial loess of the LGM, which covers most of the world’s loess area 
(Muhs, 2004). Smalley and Vita-Finzi (1968) concluded that there is no efficient 
mechanism to produce loess particles in hot desert environments, maintaining 
that only cold conditions produce loess and restricting the size range for loess 
from 20 to 60 um. Obruchev (1945), considers that loess has two main source 
areas: glacial outwash and deserts. There is little possibility that loess derives from 
sand particles by attrition, but the widyan and desert plains surrounding sand 
deserts provide sufficient loess-size material. Loess forms largely homogeneous, 
unstratified deposits of aeolian silt, mainly of angular quartz in the size range 
5-70 um, but can have up to 30% clay, and is a type of desert sediment formed in 
areas with a history of aridity, and close to regions with pronounced topographic 
relief. In general, the distribution of loess deposits is distinctly different from the 
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distribution of dust sources (Prospero, 1999). Records of loess, or loess-derived 
sediments, in Arabia are not numerous, but are discussed below. 


13.3.1 Alluvial loess of central Sinai 


There are layered loessic silts up to 50 m thick in Wadi Feiran and its tributaries 
in the central Sinai Peninsula (R6gner and Smykatz-Kloss, 1998). These silts 
were originally deposited on the slopes of the widyan (Wadi Feiran, W. ash 
Sheikh and W. Solaf), and later washed away by rain, transported down the 
widyan and deposited next to coarser material as alluvial loess and loessic 
palaeosol, often with a varved character indicating accumulation in still-water 
swampy lakes. Miocene foraminifers have been found in these alluvial loess 
deposits around Feiran oasis, indicating that they are aeolian material derived 
from the Miocene ‘Globigerina marl’ outcrops, exposed in the Gulf of Suez dur- 
ing a lowered sea level interval from 20 to 27 ka BP. Thermoluminescence dat- 
ing shows that they were deposited between 27 ka and 12 ka BP (Zoeller, 2003; 
Régner et al., 2004). 


13.3.2 Buried loess of the Sinai Desert 


The Saharo—Arabian Desert belt expanded northwards in the Sinai—Negev region 
during the LGM. Loess deposits were buried by sand sheets at the LGM itself indi- 
cating more arid conditions a few thousand years before the LGM (Bar-Yosef, 
1990). In discussing the loess of the northern Negev, Tsoar and Pye (1987) con- 
clude that the dust rate deposition during the Pleistocene was at least two orders 
of magnitude greater than at present. Accretion of dust in the Negev during the 
Late Pleistocene was at the high rate of <0.5 mm a‘! along flood plains and 
0.07-0.16 mm a”! in the interfluves (Gerson and Amit, 1987). In the linear 
dunes of the Nizzana area of the northern Negev, loess occurs intercalated in 
dune sands dated by thermoluminescence as 43 ka to 6 ka (Rendell et al., 1993; 
Yair, 1994). They consider that the loess was deposited under wetter conditions, 
while aeolian sand formed under drier conditions. A similar view was expressed 
by Issar and Bruins (1983), who showed that successive loess deposits were 
formed by dust laden rainstorms during humid periods, discontinuously over the 
last 80 ka, with a loess section at Netivot having a C age of 27 + 1.6 ka. 
Repeated intercalation of loess and sand in the Nizzana area indicates fluctuating 
climatic conditions. Still, older undated loess deposits several metres thick are 
found in this area on hill slopes, resting directly on Cretaceous and Eocene marine 
formations and cemented wadi gravels in the Wadi Sakher valley (Yair and Enzel, 
1987). Since this older loess overlies cemented wadi gravels considered as being 
Upper to Middle Palaeolithic (Goldberg, 1984), they are not older than Middle 
Pleistocene, and probably Late Pleistocene. This older loess extends north of Wadi 
Sakher onto the Hovav Plateau and in the Beersheba depression, where it is 12 m 
thick (Yair, 1994). 


306 Chapter 13 


13.3.3 Loess-like soils of Wadi Yatimah (Wadi Yutamah) 


Loess-like soils are reported by Al-Harthi and Bankher (1999) in western Saudi 
Arabia, from Wadi Yatimah some 70 km south of Al Madinah, and on the west- 
ern edge of the northern Harrat Rahat, known as the Harrat Bai Abdallah. The 
area attracted attention due to earth fissures arising from the wetting and dry- 
ing of these silts. Yellowish-grey silt with 58—67% silt content, and pale brown 
silt with 53-63% silt, as well as yellowish-brown clayey silt with 45-49% silt are 
all recognised as types of loess. Based on their physical properties, plotting Liquid 
Limit against Plasticity Index, they distinguished a silty (typical) loess, infusion 
loess, and a loess loam in this area, extending along Wadi Yatimah for 20 km. 


13.3.4 Loess of the Tihamat Asir 


The occurrence of loess deposits in parts of the Tihamat Asir is reported, where 
they accumulate downwind and cause earth fissures to develop by the process of 
hydro-compaction upon wetting (Shehata and Amin, 1997). Aeolian dust, pre- 
sumably loess, also occurs in a layer 0.5—1.6 m thick on the lower terrace of Wadi 
Sabya, as well as on the south side of Jabal Akwah (Dabbagh et al., 1984). 


13.3.5 Loess-like silt in western Saudi Arabia 


Dark grey silt, resembling loess in grain size, texture and erosion pattern, occurs 
in the Wadi Malahah quadrangle (Greenwood, 1980). He postulates that these 
loess-like silts may be overbank flood deposits derived by erosion of a loess mantle 
in upland areas. Artifacts left by ancient man were found in these loess-like silts, 
suggesting that they were deposited in the last wetter cycle. 

From a study of the erosional history and surficial geology of western Saudi 
Arabia, Whitney et al., (1983) conclude that loess deposits in that area are from 
26,900 + 320 years to 620 + 60 years BP with most loess older than 5,700 + 
250 years BP. 


13.3.6 Loess of lava tubes in harrah of western Saudi Arabia 


Loess is reported within lava tubes (Vincent, 2003), and buried under lava flows, 
as well as reworked to form alluvial loess in widyan of the Arabian Shield. He con- 
siders that ‘the quartz [of the loess] was released from the bedrock by deep weath- 
ering when the Arabian Plate passed through equatorial climates on its drift 
northward about 100 million years ago’. This would be very old loess, but evi- 
dence of the age of this loess is awaited. Loess reported in Al Hibashi cave and 
dated by OSL at 4,500 years BP (Pint, 2003) has now been shown to be fine silts. 
(P. Vincent, Personal Communication, 2005.) 


13.3.7 Loess in lava tube caves of Harrat Khisb 


In the easternmost part of Kahf al Mut’eh lava tube cave, 4 m thick clay sedi- 
ments with pentagonal columnar jointing are described as fluviatile sediments, in 
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the sense that they have been mostly washed in together with adjacent sand 
(Roobol et al., 2002). The columnar structure of the clay resembles that of loess, 
and it is possible that they represent alluvial loess. Similar dust-filled craters occur 
at many sites in the harrah of western Arabia, but data on their composition is 
unavailable. 


13.3.8 Loess at Tabah 


Loessic silts occur in craters near the town of Tabah in the Harrat Hutaymah 
(Vincent, personal communication, 2003). Repeated problems of land subsi- 
dence at Tabah may be attributed in part to loessic material accumulated in the 
tuff crater at Tabah, although it is more probably associated with excessive pump- 
ing of groundwater (Amin and Bankher, 1997). 


13.3.9 Loess and loess-like soil of Yemen 


Loess-soil occurs in Yemen and is reported in a Holocene palaeosol at Sana’a, where 
it has been 14C dated from the 2Akb horizon as 7,750 + 300 years BP. The deposi- 
tion rate for this site is calculated to average 110 g/m?/year, with less than 3.3 
g/m2/year of carbonate, making a rate of deposition similar to that for the Nevitot 
section of the Negev. Another loess-soil, seen in the 2ABtb horizon of a palaeosol at 
Ibb, some 155 km south of Sana’a, has a C!4 age of >33,100 years, and formed in 
the more humid part of the Late Pleistocene (Nettleton and Chadwick, 1996). 

Loess was reported from the valley plain of Sana’a by von Wissmann et al., 
(1942), who described it as consisting of “yellowish-white to yellow-red, fine 
grained, calcareous, firm and highly porous sand dust, with an inclination to 
form calcareous concretions and hardpan.” They observed that the aeolian and 
fluvio-aeolian deposits are 20 m thick in wells in the Sana’a area and noted that 
the loess clay contained the modern land snail species Cerastus candidus and 
C. labialis, so that they assigned the loess to a drier climate of the Subdiluvial 
(=Sub-Recent). It was also noted that these loess deposits were partly covered by 
the Recent Huqgqa lava flow. Beydoun (1964, 1966) erroneously states that von 
Wissman (1942) found these snails in loess in the Hadramawt. 

To the south of Ramlat as Sab’atayn, on the crystalline bedrock between Wadi 
Bayhan and Wadi Abadan, reworked sandy, carbonate-rich loess occurs as super- 
ficial deposits at least 3.5 m thick. These loessic silts are found on up to three dif- 
ferent landform generations and are often partly buried by debris fans or scree. 
They are considered to have originated in the humid phase of the Early Holocene 
from 9 to 6 ka BP (Coque-Delhuille and Gentelle, 1998). 

In the deep valleys of the Hadramawt, loess and fluvio-aeolian deposits are 
reported to be “fairly extensive in occurrence” (Beydoun, 1964, 1966), but no 
specific data is given, and Glennie (1970) believes this loess is dust blown out of 
the Rub‘ al Khali Desert, although more probably from the known dust source 
area in interior Dhofar (Figs. 13.5 and 13.4). 
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Loess also occurs on the Red Sea coastal plain of Yemen (Tihamat Yemen) 
and is briefly mentioned by von Wissmann et al., (1942), who state, “In the 
coastal plain only the loess deposits are exposed, since the river channels are not 
deep.” 


13.3.10 Cave loess of Dhofar, southern Oman 


Loess occurs in many of the caves along the southern front of the Jabal Qara in 
Dhofar. It has been recorded from the fill of one such cave (K213) in the eastern 
Jabal Qara, where angular rock debris and patinated flint artifacts occur in a rich 
loess, with a CM age of 9,130 + 290 years BP (Cremaschi and Negrino, 2002). 


13.3.11 Loess in Ra’s al Khaimah 


A deposit of rather coarse loess 3—4 m thick, with a median grain size of 77.95 
um and a high carbonate content, occurs as a 3 km long ramp deposit blown by 
the Shamal against the Oman Mountain front at the head of Wadi al Bih alluvial 
fan in Ra’s al Khaimah (Goudie et al., 2000). After removal of carbonate, the 
average median size of predominantly quartz grains was 49 um. Because of its 
high carbonate content, the origin of this loess is attributed to local derivation 
from the nearby coastal plain, or deflation from the alluvial fan of Wadi al Bih 
(Goudie et al., 2000), rather than to secondary deposition, as the deposit abuts 
limestone ranges. 


13.3.12 Loess at Tall Leilan, northern Syria 


At Tall (Tell) Leilan in the Kharbur area of northern Syria, thick loess deposits 
have been found, which represent an arid interval some 4,200 years ago. This 
loess corresponds with an abrupt fall in the level of Lake Van in nearby Turkey, 
and is said to mark the fall of the Akkadian Empire in Mesopotamia (Cullen and 
deMenocal, 2000). It also correlates with a sudden abundance of dust minerals, 
two to six times above background, noted by Sirocko and Sarnthein (1989) in the 
wind blown dust levels of the Arabian Sea. 
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Stony and rocky deserts 
of Arabia 


Stony and rocky deserts are very extensive in Arabia. Whereas stony deserts have 
surfaces consisting of pebble or gravel size material, rocky deserts often have very 
rugged surfaces, with quantities of solid or broken rock of boulder size material, 
and form terrain, which is difficult to traverse. 


14.1 STONY DESERTS OF ARABIA 


A number of different types of stony deserts are found in Arabia. These include: 
desert pavements, lag deposits, hamadahs, alluvial fans, bajadas, terrace deposits 
and old river gravel deposits. 

Desert pavement, also known as reg or serir for coarser pebbles, is a thin and 
continuous sheet-like veneer of pebbles or gravel that forms surface armour for 
predominantly finer material. These pavements are formed by deflation, where 
the erosional effect of the wind removes finer particles, leaving a residual pebble 
or gravel surface. Desert varnish or patina, is a thin reddish black coating of iron 
and manganese oxides and some silica, which forms on pebbles and gravels in the 
desert environment, due to dew and capillarity, followed by polishing by the wind. 
Lag deposits form by deflation on poorly sorted deposits of coarse detrital parti- 
cles, such as alluvium, and are generally less continuous than desert pavements. 

The term hamada or hammada (correctly hamadah) is often used as an equiv- 
alent of reg, serir and desert pavement. Fairbridge (1968) states that “a hamada 
is a desert high plain or plateau, where deflation and sand scour has left a rocky 
plane,” which he says is the Arabic meaning, with or without a veneer of pebbles 
or boulders. Groom (1983) defines hamadah from the Arabic as a desert or 
steppe, while the AGI dictionary refers to it as hammada or a rock desert of 
plateaux. The definition given by Fairbridge (1968) is used here, but the correct 
Arabic transliteration hamadah is adopted. 
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Alluvial fans are extensive in Arabia, an example being the Ad Dibdibba allu- 
vial fan, with an area of over 41,000 km?. Some other large alluvial fans are 
those of Wadi as Sahba’, Wadi ad Dawasir, Wadi Najran and Wadi al ‘Atk. On the 
inner edge of the Tihamah, along the inland borders of the Rub‘ al Khali, and 
around Wadi as Sirhan, there are numerous alluvial fans. Where alluvial fans 
coalesce, they form a bajada (the Spanish word for slope), a good example being 
the aggradational slope on the interior side of the Oman Mountains (Al Hajar). 
Bajadas are common on the Arabian Shield, although incorrectly referred to as 
pediments (Brown et al., 1989), since pediments are degradational features of 
eroded bedrock surfaces at the base of mountains. 

Old river gravels are also widespread in Arabia, formed by extensive river sys- 
tems of the various Pleistocene humid intervals, as well as the Early Holocene 
wetter phase, sometimes called the ‘Neolithic Wet Phase’ (Water Atlas of Saudi 
Arabia, 1984). Successive floods of old rivers have cut into their own gravels, cre- 
ating terrace gravel deposits. 

In total, stony deserts cover approximately 180,000 km?, of which the larger 
part lies in southern Arabia, on the north—western side of the Rub‘ al Khali, on 
the northern edge of the Hadramawt Plateau, in the najd of interior Dhofar, and 
in the Jiddat al Harasis of south-central Oman. 


14.1.1 Najd of interior southern Yemen 


North of the Hadramawt Plateau, there lies a large area of stony gravel plains dis- 
sected by numerous sand-filled widyan. This stony desert slopes gently northward 
to the southern edge of the giant Rub‘ al Khali Desert, and occupies an area of 
some 61,000 km?. 


14.1.2 Najd of interior Dhofar, southern Oman 


A broad gravel plain (Figs. 14.1 and 14.2) stretches away northward from the 
inner edge of the coastal mountains of Dhofar, southern Oman, for a distance of 
between 120 and 150 km, to the south-eastern border of the Rub‘ al Khali. It could 
be regarded as an eastern continuation of the najd of southern Yemen, and is also 
cut by numerous sand-filled widyan, which flow towards the north or north-east. 

In parts of this stony desert, erosion has cut down to Middle Eocene limestone 
bedrock loosely covered by gravel, or has also cut into the Lower Eocene Rus 
Formation, which contains many chert nodules. Some areas of the Dhofar najd 
are literally covered with pomegranate-sized chert nodules. The area of the 
Dhofar najd is approximately 60,000 km?. 


14.1.3 Jiddat al Harasis stony desert 


In south-central Oman, there is a large, relatively flat, gravel plain, 100-150 m 
in altitude, known as Jiddat al Harasis (Fig. 14.3). It is limited to the north—west 
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Fig. 14.1 The najd of interior Dhofar, in southern Oman at Marmul, where Lower 
Tertiary limestones form a broad anticlinal dome at the surface. (Photo by H. S. Edgell). 





Fig. 14.2 The najd near the southern border of the Rub‘ al Khali at Dauka (Dawkah) in 
southern Oman. Irregular outcrops of Lower Eocene Rus Formation are in the foreground, 
with much sand sheet covering the rest of the area. (Photo by H. S. Edgell). 
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Fig. 14.3 The southern Jiddat al Harasis, a low stony plateau (60-120 m) in eastern 
Oman. Widyan like Ha Rikat drain to the north-east. Sahil Jazir is in top right corner. Image 
width is 70 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


by the Rub‘ al Khali sand dunes, and to the east by a 100 m escarpment, as well 
as by the Haushi-Hugf depression on the north-east, and to the north by 
Quaternary gravel outwash from the Oman Mountains (Al Hajar). There is weak 
drainage to the north and north-east, as this stony desert only receives less than 
50 mm of average annual rainfall. 

The eastern boundary is the escarpment of Sahil Jazir. Most of the Jiddat al 
Harasis is underlain by Miocene limestone. UNEP (1993) give the area of this 
stony desert as 27,500 km, and it is a UNESCO Heritage Site and a Sanctuary for 
the Arabian White Oryx (Fig. 14.4). 

From map measurements the Jiddat al Harasis is calculated to be over 37,500 km? 
in area, and almost 60,000 km? if the rather similar terrain of Sayh Hajmah and 
Sayh al Ahmar towards the north is included. A large part of the Jiddat al Harasis is 
a rather featureless stony plain to the north and north-west of the area shown in 
Fig. 14.3. 


14.1.4 Interior Oman-eastern Emirates bajada 


A series of widyan flowing from the inner side of the Oman Mountains (Al Hajar) 
coalesce to form a wide bajada, covering an area of 38,720 km?. This bajada is 
relatively narrow in the eastern Emirates, but widens progressively towards the 
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Fig. 14.4 The gravel surface of the Jiddat al Harasis and the Arabian White Oryx, for 
which it is a sanctuary (Photo from www.ameinfo.com /WWE and the UAE). 


south-east in interior Oman to a width of 180 km near the Ramlat Al Wahibah 
(Wahiba Sands) (Fig. 14.5). 

The deposits of this bajada are mostly poorly sorted, coarse, grey gravel, 
although there is a wide range of sizes from boulders to silt and intercalations of 
fluvial sand, as well as rare interbedded aeolian sand, indicating occasional arid 
conditions. They tend to become finer and lighter farther away from Al Hajar, a 
feature causing down slope permeability wedge-out, which has been exploited in 
the development of falaj systems (qanat) for irrigation. Widyan have generally 
straighter courses in the upper part of this bajada, and meandering or braided 
channels in their lower reaches. Older braided channels indicate heavier rainfall 
in the geologic past (El-Baz, 2000). The upper wadi channels are often incised in 
the bajada, due to fan head entrenchment. These deposits are mostly Pleistocene 
and formed during various more humid Pleistocene semi-arid intervals. A lens of 
aeolian sand found interbedded with fluvial deposits in a middle of a fan had an 
OSL date of 354 ka (Glennie et al., 2002), while sands in a younger fan from the 
western part of this bajada in Oman was dated as 104 ka (Juyal et al., 1998). The 
bajada deposits extend from Holocene to Middle Pleistocene, although the age of 
their lower layers is not yet known, but would probably not extend further than 
Early Pleistocene, now considered to begin at 1.806 ma (ICS, 2004), and possibly 
Late Neogene. From the state of diagenetic alteration of barzamanite (a form of 
dolomite derived from ophiolite, and found in fans west of Ramlat al Wahibah), 
Maizels (1988a) has suggested that these fans may be Late Pliocene, although 
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Fig. 14.5 The huge bajada of interior Oman seen here as a network of widyan or 
ephemeral streams, emanating from the Oman Mountains (Al Hajar). The Ramlat Al (Ahl) 
Wahibah (Wahiba Sands) appears light grey on the right and the continental sabkhah of 
Umm as Samim appears as black area in the lower mid left. (Constructed from USGS data 
in Hearn et al., 2003). 


hardly a precise method of dating. Radies et al., (2004) consider the barzamite- 

bearing layers are ?Miocene to Plio-Pleistocene and call them the Barzaman 

Formation. The sequence of events in these large outwash fans is given by Stevens 

1978) as: 

1) Deposition of the last major alluvial outwash fans in major pluvial intervals; 

2) Evaporation of near surface water table forming gypsum crusts; 

) A wetter interval in the Neolithic sub-Pluvial causing entrenchment; 

) Aeolian activity with infilling of erosion gullies by fine material, often red 
sands blown in from the Rub‘ al Khali and Wahiba Sands; 

(5) An interval of limited erosion and further gully infilling by fan debris; and 

(6) Aeolian processes with limited sheet flow; final landscape smoothed. 


( 
( 
( 
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14.1.5 Stony desert of the western Rub‘ al Khali 


On the north—western side of the Rub‘ al Khali, there are three areas of flat stony 
desert. They consist of the gravel deposits and terraces of the greater Wadi ad 
Dawasir (Fig. 14.6) drainage system, including its large tributaries Wadi al 
Magqran, Wadi al Judwal and Wadi Jawb. 

These widyan eroded immense quantities of gravel from the Eastern Interior 
Homocline and southern part of the Arabian Shield during repeated Pleistocene 
wetter intervals as far back as Early Pleistocene (Edgell, 1989a), and may have 
begun accumulating as early as Late Pliocene—Early Pleistocene (Hötzl et al., 1978c). 
The main area of stony gravel desert along the NW border of the Rub‘ al Khali is 
called Abu Bahr, or literally ‘the Father of Seas’, since it is so flat, and includes the 
stony plains of Beni Tukhman (4,963 km?). This stony desert has formed on the ero- 
sional surface of Quaternary gravels and extends for 150 km in NE-SW direction, 
and is up to 60 km wide. The estimated area of the Abu Bahr stony desert is 9,907 
km?. Another area of gravel plain lies SW of Abu Bahr and is known as Rayda, being 
some 120 km long, trending NE and up to 30 km wide with an area of 2,199 km?. 
The narrow Ganma gravel area of 847 km? is up to 8 km wide and 100 km long and 
lies just SE of the Rayda gravels. These areas are all referred to by Barth (1985) as 
terrace gravels with eroded components of crystalline and calcareous rocks. 





Fig. 14.6 View across the wide alluvial valley of Wadi ad Dawasir looking north in the 
vicinity of Kabkabiyah. The Tuwayq Mountain escarpment can be seen in the middle dis- 
tance. (Photo by H.S. Edgell). 
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Fig. 14.7 Wadi Bishah valley looking north-west near Jabal Qalfa, showing its broad 
alluvial gravelly valley and good flow from Asir Highlands. (Photo by H. S. Edgell). 


14.1.6 Wadi Bishah-Wadi Ranyah-Wadi as Subay’ gravels 


The accumulation plain of the Wadi Ranyah and Wadi Bishah (Fig. 14.7), sup- 
plemented by Wadi as Subay’ flowing from the north—west along its north-east 
edge, forms a large, almost flat plain. 

This plain is 76 km long in an E-W direction and up to 55 km wide, covering over 
2,400 km? and with a slight north-eastern slope. These pebbly gravels are up to 30 m 
thick in local wells and rest on old weathered basalt dated at 3.5 + 0.3 Ma in the upper 
reaches of Wadi Ranyah, where they are covered in places by fresh, younger, alkali 
olivine basalt flows from Harrat Nawasif dated at 1.5 + 0.3 Ma. It is considered that 
most of the Wadi Ranyah gravels accumulated in the Late Pliocene—Early Pleistocene 
and that present-day Wadi Ranyah has been superimposed on basalt flows, having 
been part of an Early Tertiary drainage system (Hötzl et al., 1978b). 


14.1.7 Stony deserts of the south-western Rub‘ al Khali 


In Al Mundafan region of the south-western Rub‘ al Khali, numerous strips of gravel 
occur several kilometres wide, mostly trending NE-SW and reflecting old drainage 
channels, or as lag gravels. These narrow belts of gravel in Al Mundafan total approx- 
imately 1,200 km? in area, but each belt is only 2-5 km wide. Lag gravel deposits in 
interdune areas within Al Mundafan area are considered by McClure (1984) to be a 
part of a vast reg or gravelly alluvial plain underlying the dunes of the Rub‘ al Khali. 
He explains the formation of many dunes as wind-rift dunes winnowed out of this 
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hypothetical reg and accumulated from Early Pleistocene to present. Strips of gravel 
elongated NE-SW also occur in the SW Rub‘ al Khali, at around lat. 19° N, long. 48° 
E and occupy a total area of 636 km?, although most are only 40—60 km? in area. A 
third set of Pleistocene gravel deposits is found in the southern Rub‘ al Khali, along 
the northern border of the Hadramawt Arch, where many deeply incised north—-flow- 
ing widyan have carried gravel into the sandy desert, perhaps before the dunes 
formed, as these gravels now only appear as 30 gravel strips in interdune locations. 


14.1.8 Nafud ad Dahi gravels 


The Nafud ad Dahi has a minority of sand dunes, although it is called a nafud. 
Mapping at a scale of 1: 250,000 by Vaslet et al., (1985) has shown that the most 
widespread deposits in this nafud are inactive Quaternary gravel sheets, covering 
nearly half the area. Large areas are also covered by inactive Quaternary gravel ter- 
races and Quaternary colluvial deposits of pebbles, gravel and coarse sand, as well 
as some flood plain alluvium, mostly of gravel and sand. Stony desert of gravel 
covers some 4,900 km? of Nafud ad Dahi north of Wadi ad Dawasir (Fig. 8.12). 
Nafud ad Dahi continues south of Wadi ad Dawasir to the west of Al Arid escarp- 
ment, where Quaternary gravel deposits cover at least another 2,400 km?. 


14.1.9 Wadi as Sahba’ stony desert 


A large area of gravel plains, deposited during the Pleistocene by Wadi as Sahba’ 
and its distributaries, extends south and east of Ghawar Anticline in the vicinity 
of Wadi as Sahba’ for some 280 km, and is up to 150 km wide (Fig. 14.8). 

Like the Abu Bahr, this region also consists of eroded Quaternary gravels, and 
parts of the Wadi as Sahba’ stony desert occur along the eastern side of the giant 
Ghawar Anticline as far as Al Hufuf, in the Barqa al Qumran, and farther south. 
Most of the gravel dates from Pleistocene wetter intervals, and farther east along the 
course of Wadi as Sahba’ topography is inverted, so that the old cemented wadi grav- 
els stand out in positive relief due to deflation frequently from 2 to 20 m high, and 
reportedly up to 30-60 m high (Brown, 1960). These gravel trains are the remnants 
of Pleistocene watercourses up to 1 km wide, which flowed down a low gradient of 
one metre per kilometre and yet transported coarse gravels, with boulders, cobbles 
and pebbles. Holm (1961) reports quartzite boulders in the surface gravels, up to 25 
cm in diameter in Wadi as Sahba’ gravels, at Jal as Sahan (lat. 24° N, long. 51° E). He 
reasons that such coarse material could only have been transported if the land was 
once more tilted. This seems unnecessary considering the power of flash floods, and 
the large drainage basin of Wadi as Sahba’ fed by large tributaries, such as Wadi 
Hanifah, Wadi al Luhy, Wadi Birk, Sha’ib Nisah, Sha’ib al Awsat and Sha’ib al Ayn, 
each with their own alluvial valleys. 

Wadi Sahba’ stony desert is over 21,000 km? in area, including continuations 
of gravel plains southward as the gravel plain of Al Hamal (13,400 km2). The 
gravels are poorly sorted, with pieces of sandstone, quartzite and limestone, as 
well as fragments of metamorphic and igneous rocks from the Arabian Shield. 
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Fig. 14.8 Geological map of the Wadi as Sahba’ and its surroundings showing its exten- 
sive gravel deposits here shown in white and marked (Qg) and adjacent areas of 
Quaternary aeolian sand (Qe) of Al Jafurah Desert, Quaternary sabkhah (Qsb) and 
Tertiary outcrop (T). Dark areas are always moist, including Bani at Tarfa, some 14 m 
below sea level. (Map constructed from USGS data in Hearn et al., 2003). 


Wadi as Sahba’ had several distributaries, one entered the Persian Gulf 15 km east 
of the SE Qatar coast in the embayment of Dawhat Sumaira, and the other entered 
on the west side of the Gulf of Salwah, forming a prominent headland with its 
gravel train at Khasm Umm Humaidh. Hötzl et al., (1978a) considered that Wadi 
as Sahba’ had been present since the Miocene, and that the gravel fan was 
deposited between Late Pliocene and Early Pleistocene, but incorrectly assumed 
that a great Late Pliocene marine transgression had cut a plain up to 150 m above 
present sea level, as had Holm (1960) and Glennie (1970). 


14.1.10 Wadi al Judwal gravels 


Wadi al Judwal and its tributaries have cut into the Aruma Formation of the 
Eastern Interior Homocline and deposited a broad gravel fan covering an area of 
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over 3,000 km?. These poorly sorted, coarse gravels contain mainly limestone 
cobbles and pebbles, and form a triangular-shaped area with its base along the 
more resistant outcrops of the Tuwaiq Mountain Limestone, narrowing towards 
the south-east, where the gravel fan extends onto Tertiary strata of the low, 
southern As Summan Plateau. 


14.1.11 Wadi al Maqran gravels 


To the south—west of Wadi al Judwal, another gravel fan has formed, where Wadi 
al Maqran and its tributaries have cut into the Cretaceous Aruma Formation. 
These Pleistocene gravels cover an area of 1,680 km?. 


14.1.12 Sahl Rukbah 


A large area of Quaternary gravel known as Sahl Rakbah extends N-S for 160 km, 
and is some 80 km wide, being situated east of the southern Harrat Khaybar, west 
of Harrat Haradan, and south of Harrat Khisb. It covers an area of 9,240 km? and 
is an internal drainage basin containing some Quaternary older fan and talus 
deposits with a partial, thin cover of aeolian sand. There are some small patches of 
Quaternary continental sabkhah within the Sahl Rakbah, and the Paleocene 
Umm Himar Formation crops out along its eastern border. The Sahl Rakbah is con- 
sidered an area of rift-related subsidence (Camp and Roobol, 1989, 1991). 


14.1.13 Stony deserts within the central Arabian escarpments 


There are a number of areas of stony desert in between the sedimentary escarp- 
ments of central Arabia. One such area, known as Al Hamadah, lies 80 km east 
of Buraydah on the eastern edge of the Nafud ath Thuwayrat in the Az Zilfi area, 
and immediately west of the high Jabal Tuwayq escarpment. Al Hamadah is 
60 km long and up to 12 km wide, occupying a triangular area narrowing 
towards the north-northeast. It consists of gravel plains and includes some pedi- 
ment scree from the nearby escarpment, which is more than 100 m higher. The 
Darb as Salabikh cuts across the southern end of Al Hamadah, where there are 
some small areas of sabkhah. There is a sharp contact between the gravel plain of 
Al Hamadah and the large dunes of Nafud ath Thuwayrat to the west (Fig. 14.9). 

The Quaternary gravel plain of Sayh ad Dubul and Hadabat Qudhlah forms a 
bajada covering an area of over 4,900 km2. It is 200 km long and up to 30 km wide, 
extending south—west of the Nafud as Sirr between the Jilh escarpment (Jilh al 
‘Ishar) on the east and the Khuff escarpment on the west. Sheet-like lag 
gravels, with predominantly limestone fragments, occur in the northern part, while 
the southern part is a gravel sheet, where darker gravel derived from the Arabian 
Shield is more common. To the south, the Sayh ad Dubul is bordered by an area of 
Quaternary silt in the upper reaches of Wadi Birk. A study of different Landsat 
Thematic Mapper bands, using principal component substitution, has been made for 
a small area on the south-western edge of the Sayh ad Dubul bajada. Six separate 
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Fig. 14.9 A hamadah, in the foreground, and its contact with dunes of the Nafud ath 
Thuwayrat, west of Al Hawtah (25.7° N; 45.25° E). (Source NASA geomorphology 
GEO_8/GEO_PLATE_E-1. Fig.E-1.1). 


outwash areas with different sources and lithologies have been distinguished on the 
basis of differences in spectral reflectance (Al-Juaidi et al., 2003a). 

Three relatively small areas of Quaternary gravel occur between Sha’ib al Awsat 
and Wadi Birk along the eastern edge of the Jurassic escarpment. The northern 
gravel area is 130 km? in area and lies south of Nafud Qunayfidah, between the 
headwaters of Sha’ib al Awsat and those of Sha’ib Nisah. Another gravel outwash 
area of 420 km? lying south of Sha’ib Nisah has been partly examined in a study of 
merged, remotely sensed images, and in the field by Al-Juaidi et al., (2003a). Ina 2.5 
square kilometre area, representing the Uraidan fan, they distinguished three sur- 
faces of different ages, referred to as U1, U2 and U3, all with desert pavement, as well 
as the main active channel. The U1 and U2 surfaces are older, have higher density of 
pebbles and have lower reflectance with mean grain sizes of 7.2 and 5.1 mm, respec- 
tively, U1 being the highest and most prominent Pleistocene fan unit. The youngest 
surface U3 is only 2 m above the active channel with a mean grain size of 9.6 mm, 
while the active wash contains the coarsest material (mean grain size 12.2 mm), but 
more rounded. A third gravel area around Khashm Birk covers 318 km? and also lies 
at the western foot of the Jurassic escarpment. OSL dating of a fan-shaped outwash 
in Al Harmaliyah area has indicated successive stages of fan development during wet- 
ter phases at 47 ka, ~40 -19 ka, 10-5 ka and 0.8 ka BP, with intervening arid inter- 
vals. (Al-Juaidi et al., 2003b). 

On the western edge of the central Arabian escarpments, a large area (1,508 km?) 
of dark gravel outwash plain occurs to the south of Nafud ash Shuqayyiqah. This 
gravel plain lies to the west of Lower Ordovician Saq Sandstone outcrops and lies 
immediately east of the igneous and metamorphic rocks of the Arabian Shield. It 
is incised by the active channels of Wadi Rishah and Wadi Huyayshah flowing to 
the NE and NNE. 
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Another large area of outwash gravel, known as As Sar’iah, is located on the 
north-eastern edge of the Northern Interior Homocline in the Jabal Shammar 
region between Lower Palaeozoic outcrops and the north-eastern corner of the 
Arabian Shield. It forms an area 90 km long and up to 40 km wide covering 
3,072 km?, and adjoins the Harrat Hutaymah. 


14.1.14 Ad Dibdibba stony desert and giant alluvial fan or delta 


The largest continuous area of stony desert is formed by the giant, triangular- 
shaped, alluvial fan of the Wadi ar Rimah-Wadi al Batin drainage system, which 
is the longest ephemeral watercourse in Arabia, draining most of the northern 
Arabian Shield (Fig. 14.10). 

This was a major watercourse in Pleistocene wetter intervals, although, now 
blocked by sands of the Nafud ath Thuwayrat. Holm (1960, 1961) considered this 





Fig. 14.10 Ad Dibdibba alluvial fan, or delta, with its gravels marked by the symbol Qg. The 
alluvial plains of southern Iraq and southern Iran are marked as Qal, sabkhah areas as Qsb, 
aeolian sand as Qe and Tertiary outcrops as T. Note the gravels of the Wariah Ridge. Widyan are 
thin dark lines. Black areas are perennially wet. (Constructed from data in Hearn et al., 2003). 
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huge alluvial fan known as Ad Dibdibba to be a delta, and although its deposits are 
relatively thin in Saudi Arabia, they reach a thickness of over 350 m in southern 
Iraq. Sedimentological analyses of the Pleistocene gravelly deposits of the Dibdibba 
Formation in Kuwait show that they have been deposited there in fluvial channels by 
sheet floods with sandy intercalations representing periods of reduced precipitation. 
The Dibdibba Formation is only thin in Kuwait (5 m +), but in southern Iraq it is up 
to 354 m thick. The alluvial fan or delta, probably did reach the head of the Persian 
Gulf during the Flandrian transgression. It is referred to as the Dibdibba alluvial fan- 
delta by El-Baz and Al-Sarawi (1996). Ad Dibdibba alluvial fan is 389 km long and 
up to 260 km wide and spreads out over an area of 41,120 km? in the north-eastern 
corner of Saudi Arabia. It extends over most of Kuwait, and mostly into south— 
eastern Iraq, where it has deflected the course of the Euphrates causing the forma- 
tion of Hawr al Hammar lake. This alluvial fan slopes north-east from about 400 m 
elevation on its inner side to 100 m on its outer side, with a low gradient of between 
1 and 1.2 m/km. Its surface is covered by a thin veneer of moderate-sized pebbles of 
quartz, chert, limestone and igneous and metamorphic rocks, constituting poorly 
sorted sediment. In northern Kuwait, and is considered to be of Pleistocene age, 
although Anton (1984) suggests that it is probably of Miocene—Pliocene age. Since 
its formation in the wetter intervals of the Pleistocene, the main wadi has become 
deeply entrenched into the old alluvial fan, so as to reach Tertiary bedrock in the 
upper two-thirds of the fan, as clearly seen at Hafar al Batin. Two widyan join Wadi 
al Batin almost at right angles near Hafr al Batin, probably due to underlying struc- 
tural control as both widyan are in line and parallel to regional structure, while such 
right angle junctions are not normal in alluvial fans. They are Sha’ib al Fulayj al 
Shamali on the northern side, and Sha’ib al Fulayj al Jinubi on the southern side, 
both being entrenched to reach the underlying Tertiary. Many shallow ephemeral 
distributaries fan out across the broad nose of Ad Dibdibba alluvial fan and there is 
some perennial water in the middle third of Wadi al Batin. The surface of this allu- 
vial fan has a veneer of desert varnish, although only one pebble thick (Powers et al., 
1966). Gravel-capped ridges up to 20 m high stand out on the surface of Ad 
Dibdibba fan and represent old distributaries whose courses are now inverted due to 
deflation. 


14.1.15 Wadi al ‘Atk gravel plain 


Although Wadi al ‘Atk is now a minor wadi, cutting through the Tuwayq and 
Aruma escarpments towards the north-east, it was a major drainage outlet from 
the interior during the Pleistocene wetter intervals. Holm (1961) considers that 
these gravels are of Early Pleistocene age and records finding primitive artifacts in 
them. The coarse, poorly sorted gravel deposits of the old Wadi al ‘Atk floodplain 
occur near Hafar al ‘Atk, where they are spread over an area 80 km long and up 
to 18 km wide. Coarse gravel from this old wadi extends to the margin of Ad 
Dahna and to As Summan Plateau in patches, while a few gravel trains or bal- 
lenas, reach almost to the Tapline. 
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14.1.16 Wariah ridge gravels 


A long, elevated, gravel ridge extends eastward for 160 km, just south of the south- 
ern edge of Ad Dibdibba alluvial fan (Fig. 14.10). This gravel ridge is mostly 2-3 km 
wide, but broadens to 15 km at its eastern end. Here the gravels divide into several 
branches with rounded ends, as if the flow of gravel dissipated before reaching the 
Persian Gulf, and spread out laterally on the plain. Wariah Ridge has a surface of 
cobbles and coarse pebbles consisting of resistant chert, quartz, quartzite and 
igneous rocks. A rolled artifact was found among the quartzite cobbles by Holm 
(1961), who suggested an Early Pleistocene age for these gravels, which is interest- 
ing in light of the widespread finds of Oldowan artifacts (Whalen et al., 1986; 
Whalen and Pease, 1990; Whalen and Fritz, 2004). Another gravel ridge, over 80 
km long and 2 km wide, commences near the western end of the Wariah Ridge and 
follows a curved course towards the south-east, where it broadens out into a trian- 
gular fan some 25 km wide. Both the Wariah Ridge and the curved gravel ridge to 
its south emanate from the upper part of Wadi al Batin. They appear to represent 
flash flood deposits, which skirted the southern border of the built-up Ad Dibdibba 
alluvial fan, and did not have sufficient flow volume to reach the Persian Gulf, thus 
spreading out on the plains of north-eastern Saudi Arabia. They are instructive 
examples of rapidly formed gravel trains or ballenas, and are of unusual length. 


14.1.17 Al Jafr Depression gravels 


An extensive area of Pleistocene gravels cover over 2,700 km? around Al Jafr 
Depression, in eastern Jordan (Fig. 14.11). 

They are partly coeval with the lacustrine deposits of Al Jafr, dated as 26,400 + 
870 years BP, but 13 m thick gravels encountered in drilling in the NW of 
Al Jafr are considered older Middle Pleistocene (Huckreide and Wiesemann, 1968) 


14.1.18 Qa’alat al Hasa fluviatile and lacustrine deposits 


Some 20 km south of Amman, Jordan, around Qa’alat al Hasa, there is a consid- 
erable area of Middle Pleistocene gravels, including conglomerates, sands and 
some lacustrine clays and marls. They cover an area of 407 km? around Qala’at 
al Hasa and Middle Paleolithic artifacts have been found in these deposits (Vita- 
Finzi, 1964). 


14.1.19 Upper Euphrates River terraces 


River gravels extend along the upper course of the Euphrates River (Nahr al Frat), 
in Syria, as wide river terraces, and also along its tributaries Nahr al Khabur and 
Nahr al Balikh (Fig. 14.12). 

These terraces cover a total area of over 4,800 km? in Syria, and those of the 
Upper Euphrates are divided into the Early Quaternary 1st terrace at a height of 
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Fig. 14.11 Al Jafr Depression in eastern Jordan. Many ephemeral watercourses or 
widyan can be seen draining centripetally into the central white qa‘ deposits (‘playa’) of 
this largely gravel-filled Quaternary Basin and are entrenched in the dark alluviia. The 
main highway from Ma’an to Saudi Arabia is on the left. Image width is 75 km. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 14.12 River terraces of the upper Euphrates River (Nahr al Frat) at Jarablus, Syria. 
(Modified from Ponikarov et al., 1967). 
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60-80 m, the Middle Quaternary 2nd terrace at 25-30 m, the Late Quaternary 
3rd terrace at 12-15 m, and the Holocene 4th terrace some 3—5 m above the 
present river level. The oldest 4th terrace consists of bedded conglomeratic gravel, 
with dominant coarse pebbles and contains Abbevillian artifacts equated with 
the Early Pleistocene. Middle Acheulian implements were found on the 3rd ter- 
race of alluvial, compact gravel with medium-sized pebbles, and are Middle 
Pleistocene. The small-pebbled 2nd terrace contains Late Acheulian stone tools 
and is Late Pleistocene. On the 1st terrace of alluvial sandy loam, Neolithic 
pottery fragments confirm its Holocene age (Ponikarov et al., 1967). 


14.1.20 Northern Saudi Arabian hamadah 


A large part of northern Saudi Arabia, known as Al Hamad, extends southward 
from eastern Jordan and western Iraq for over 150 km to the east of the Quaternary 
volcanics of Harrat ash Shamah (Harrat al Harrah). Al Hamad is a plateau area 
with almost flat-lying limestones. These Eocene limestones are nummulitic, with 
black to tan chert and siliceous beds. The surface of this hamadah weathers leaving 
a residue of dark chert, and some limestone debris and gravel. A long, narrow 
WNW trending graben called Khawr Umm Wual, filled with Quaternary silt, sand 
and gravel, cuts across Al Hamad. The same Eocene cherty limestones, with a 
hamadah surface, continue for at least 120 km farther south around the southern 
edge of Harrat ash Shamah (Harrat al Harrah), and along the eastern edge of the 
Nafud al Ghuwaytah, almost to the northern edge of the Great Nafud. 


14.1.21 South Jordan hamadah 


About 30 km east of El Hasa and a similar distance south of El Qatrana, in the 
central desert of Jordan, there is a flint-strewn desert, or hamadah, resulting from 
deflation of underlying cherty limestone. This area of stony desert occupies an 
area of about 400 km? and has been described by Bender (1968, Fig. 7). This is a 
true hamadah, as it occurs on a rock surface and in a plateau area. 


14.1.22 Syrian Desert hamadah 


The central part of the Syrian Desert covering some 65,360 km? forms a large 
hamadah extending through eastern Syria into western Iraq, and southward into 
eastern Jordan and part of northern Saudi Arabia. 


14.1.22.1 Eastern Syrian hamadah 


A large part of eastern Syria, lying to the east of the Jabal ad Druze volcanics and 
south-east of the Palmyra Ranges, consist of almost flat-lying Paleogene strata. 
This is a plateau, called Ash Shamiyah, lies between 400 and 800 m altitude with 
poor drainage and some khabra’ deposits. It has a table-like surface of the exposed 
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Paleogene, mostly Eocene limestones with chert interbeds, resistant to erosion 
and belonging to the Jaddala Formation. A thick layer of weathered cherty lime- 
stone and carbonate fragments lies on the surface, and is up to 1.5 m thick 
(Ponikarov et al., 1967). To the north, this hamadah is bordered by a low scarp, 
which separates it from plateau-like plains of the Syrian Jazirah (Jezireh). 


14.1.22.2 North-eastern Jordanian hamadah 


Most of eastern Jordan east of the 38th meridian has widespread outcrops of 
nummulitic limestones with chert layers. These form the North-east Jordan 
Limestone Plateau (Bender, 1974), where the strata are almost flat-lying, with 
only a slight regional dip towards the ENE. Due to the low annual rainfall of less 
than 150 mm, there is a low rate of chemical weathering. Chert layers in the 
Eocene limestone resist weathering and tend to form a dense surface pavement of 
angular, greyish chert fragments making a typical hamadah. 


14.1.23.3 Western Iraq hamadah 


The westernmost part of Iraq, adjoining eastern Jordan and lying to the west of 
the Rutbah Arch, contains similar, almost flat-lying Eocene limestones with chert 
beds similar to those of adjacent areas of eastern Syria and eastern Jordan. These 
chert interbeds weather to form angular fragments on the surface of the western 
Iraq plateau. This hamadah area also extends around the northern end of the 
Mesozoic rocks of the Rutbah Arch. 


14.1.23 North-western Tabuk gravels 


Gravels eroded from the Hismah Plateau and the Midyan Mountains cover 4,590 
km?, extending in an arc extending from north-west of Tabuk into southernmost 
Jordan. These gravels rest directly on Palaeozoic strata and are mostly Pleistocene, 
as Middle Acheulian artifacts have been found in these gravels 60 km ENE of 
Al Mudawarrah (Bender, 1974). 


14.1.24 As Sahn gravel plain 


There is an extensive Quaternary gravel plain along the Saudi-Iraq border, lying 
mostly within north-eastern Saudi Arabia and called As Sahn. This gravel plain 
is some 105 km long from NW-SE and is up to 70 km wide with lobes crossing 
into Iraq, covering a total of over 3,000 km?. It consists of gravel sheets and 
gravel trains and includes abundant chert and limestone pebbles, as well as basalt 
pebbles, probably eroded from the ‘Amud lavas in the Jawf-Sakakah and Wadi as 
Sirhan areas (Bramkamp and Ramirez, 1963). These Quaternary gravels rest 
on Late Tertiary strata, which also appear as small hills within the gravel plain, 
suggesting that the gravels are relatively thin. 
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14.1.25 Desert pavements of Bahrain 


Although only small in size, the desert pavement areas of Bahrain are well 
described by Doornkamp et al., (1980). They occur as patches of the order of 
1,000 m2, mostly on the upper Dammam back-slope, eastern summit surfaces of 
‘central jabals’ (jibal), and on gypsum-encrusted surfaces of the interior basin. 
In all cases, deflation is not considered to be the main cause, rather a bonding 
together of coarse, angular fragments with finer material to form a crust, often 
aided by lichen after rain. This cemented surface often develops a reddish brown 
desert varnish. Most of the pavements are of angular limestone fragments and 
chert in a sand-fill matrix, although the pavements developed on the Rus 
Formation frequently consist of geodes. 


14.2. ROCKY DESERTS OF ARABIA 


14.2.1 Extent of rocky deserts in Arabia 


Rocky deserts cover a large portion of Arabia, particularly those extensive areas 
of Quaternary and Tertiary volcanic lava fields, and much of the crystalline rock 
outcrops of the Precambrian Arabian Shield. Volcanic lava fields alone comprise 
138,440 km? of black rocky desert in Arabia, excluding areas in Lebanon and 
western Syria, which are without a desert climate. These fields of black, basaltic, 
volcanic rock not only present a jagged rocky surface, but also become very hot 
and uncomfortable places, as their black rocky surfaces absorb a maximum 
amount of insolation, in contrast to the light surfaces of desert sands, where 
there is a high degree of reflectance. This is shown clearly on the albedo map of 
Arabia (Fig. 1.5). The Precambrian Arabian Shield and the Sinai Peninsula pres- 
ent an additional 304,500 km? of rocky desert, excluding areas of harrah, cov- 
ering parts of the shield. 


14.2.2 Harrah of Saudi Arabia 


Cenozoic basaltic volcanic lava fields, known as harrah, together with scoria and 
cinder cones, cover an area of 89,324 km? mainly in western Saudi Arabia and 
are associated with the Red Sea Rift. Many have erupted in historic times as in the 
Harrat Khaybar, where an eruption occurred in AD 650. There are some 14 
separate harrah area in Saudi Arabia, all of which present a rocky desert surface 
(Fig. 14.13). 


14.2.2.1  Harrat ash Shamah (Harrat al Harrah) 


The most northerly area of the harrah in Saudi Arabia is Harrat ash Shamah or 
Harrat al Harrah (Fig. 14.14), which is a SE extension of the great Cenozoic volcanic 
field of Syria and Jordan covering 37,245 km? overall. Areal extent of the Harrat ash 
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Fig. 14.13 Location map of the harrah areas (lava fields) of Saudi Arabia. 
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Fig. 14.14 View of the south-eastern part of Harrat ash Shamah. Note the large vol- 
canic cone and crater (near left centre) and the numerous volcanic flows. Light areas on 
the lower and upper right are Eocene cherty limestones. Image width is 40 km. (Space 
Shuttle Image 41-G-36-32). 


Shamah is 15,200 km?. The rocks are mainly olivine basalt with some aplitic dikes, 
as well as some interbedded pyroclastics (Bramkamp et al., 1963), and even cal- 
careous lacustrine interbeds. They date from late Middle Miocene to Pleistocene; 
although most of the southern part is considered Pleistocene to Holocene (Brown 
et al., 1989). Their surface is covered in places by scoria and vesicular basalt, with 
numerous cinder cones, presenting a black rocky desert to the east of the Wadi as 
Sirhan Basin. 


14.2.2.2 Harrat ar Rahah (Raha) 


The Harrat ar Rahah (18.79° N; 41.85° E) is basically a north-eastern part of the 
Harrat al Uwayrid with a combined area of 7,150 km?, but the Harrat ar Rahah 
is almost separated by erosion with only a 1 km link at Matar. It lies on the crest 
of the Red Sea scarp and is up to 35 km wide and 50 km long consisting of 20 
flows from Lower Miocene to Holocene (Brown et al., 1989). Volcanic flows to the 
north-east and cinder cones, as well as an explosion crater on the north of the 
harrat, and incised drainage, produce a rocky surface (Fig. 14.15). 
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Fig. 14.15 Harrat ar Rahah (top left) narrowly joined to the south-east by the larger 
Harrat al Uwayrid. The Red Sea is in the lower left. Image width is 200 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


14.2.2.3 Harrat al Uwayrid 


This is a large volcanic plateau over 6,500 km? in area, extending for 175 km along 
the Red Sea scarp and reaching an elevation of 1,920 m in the south-east (Fig. 
14.15). 

The many basaltic volcanic flows range from Miocene to Holocene with their 
base resting on the Cambrian Sig Sandstone. Their surfaces have considerable slag, 
and diurnal extremes of temperature have caused much of the lava surface to frac- 
ture into piles of boulders, while younger drainage has cut into the lavas, some- 
times leaving isolated lava-capped buttes (Brown et al., 1989). Harrat al Uwarid 
was described by Doughty (1888) who wrote ”I looked around from a rising 
ground, and numbered forty crater hills within our horizon. . . To go a mile’s way 
is weariness, over the sharp lava field and beds of wild vulcanic blocks and stones.’ 


14.2.2.4 Harrat Lunayyir 


This basaltic volcanic field forms a rocky desert situated in the Red Sea hills, north 
of Yanbu al Bahr at a maximum height of up to 1,370 m, with some flows along 
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Fig. 14.16 Harrat Lunayyir seen as a dark spider-shaped area on the NW edge of the 
Arabian Shield. Numerous volcanic flows radiate outward, some running down valleys 
almost to the Red Sea coastal plain. Image width is 100 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 


widyan reaching the Red Sea coastal plain. It covers 1,750 km, extending in a 
NW-SE direction for 70 km with a width of up to 40 km, and consists mainly of 
Pleistocene flows and more alkaline basalt flows of Holocene age, some occurring 
in historical times in AD 1000 (Fig. 14.16). The black basaltic rocks of Harrat 
Lunayyir with its irregular partly eroded outline and more than 50 recent vents 
contribute to its rough, rocky desert surface. 


14.2.2.5  Harrat Khaybar-Harrat Kura-Harrat al Ithnayn 


These three coalesced harrah areas cover a broad north-south area of more than 
19,830 km? of plateau-basalts, extending for 250 km from just north of Al 
Madinah almost to the southern edge of An Nafud, and reaching a width of 180 
km. The narrower northern part, some 70 km wide and 85 km long covering 
3,988 km, is called Harrat al Ithnayn and largely consists of blocky lava. It has 
a broad central vent zone along the N-S Makkah-Madinah-Nafud (MMN) Rift 
with some eleven shield volcanoes, the largest volcanic cone being Jabal Ithnayn, 
a grey, dome-shaped, cinder cone surrounded by Holocene basalts, and many sco- 
ria cones. Jabal Hibran is the largest crater in this northern harrat. In Harrat 
Khaybar, the surface rises from 474 m to a height of 2,022 m in the Mt. Fuji-like 
stratovolcano of Jabal Qidr in the N-S aligned central vent area, where large lava 
domes occur, such as Jabal Abyad (Fig. 14.17). Many of the volcanic flows of 
Harrat Khaybar are of the pahoehoe type (Fig. 14.21b) with lava tubes (Roobol 
and Camp, 1991), and there are extensive flows of ‘Post-Neolithic’ and historic 
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Fig. 14.17 Lava domes of Harrat Khaybar. The light coloured dome is Jabal Abyad com- 
posed of felsic comendite. While the dark dome in the foreground is made of mafic hawai- 
ite and has post-Neolithic flows. (Photo and data by V. E. Camp). www.geology.sdsu. 
edu/how_volcanoes_work/Thumblinks/abyad_page.html 





basalts (active until AD 1800) to the west of the central vent zone. Harrat Kura 
joins Harrat Khaybar to the west, but consists of earlier basalt flows of the Late 
Miocene and Pliocene, whereas the other harrah areas are mainly Pleistocene to 
Holocene, with their oldest flows in the Pliocene. Harrat Ishara is an outlier of the 
earlier volcanics just south of Harrat Kura. These large areas of plateau basalts 
have a rugged, black, rocky desert surface with 327 scoria cones, 46 basaltic shield 
volcanoes, 20 volcanic domes, 5 tuff cones and one stratovolcano (Jabal Qidr), as 
well as 39 massive and very long basaltic lava flows (Roobol, 2002). 


14.2.2.6 Harrat Kurama (Harrat Hirmah) 


Situated directly south of Harrat Khaybar and some 40 km east of Al Madinah, 
the smaller Harrat Kurama covers 1,100 km? and mostly consists of olivine 
basalts of Late Miocene age, although it also includes younger fluid volcanic 
flows. It contains the large 960 m high Jabal Hirmah, with a collapsed crater cov- 
ering 24 km? and vertical walls 25 m high, from which many of the younger lava 
flow emanated (Brown et al., 1989). In view of the well developed drainage on 
this harrah, it is considered coeval with the nearby volcanic field of Harrat Kura, 
but still has a rocky basaltic surface. 
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Fig. 14.18 Basalt flows of the southern part of Harrat Rahat. (Photo by H. S. Edgell). 


14.2.2.7 Harrat Rahat 


Harrat Rahat covers 18,000 km? in a 60 km wide N-S volcanic belt, following the 
MMN volcanic rift for 310 km. It has been built up by successive lava flows from 
latest Oligocene until Holocene, with jagged basaltic lava flows near Al Madinah 
having formed as late as AD 1256 (Doughty, 1888), and possibly as late as AD 
1292. The oldest flows extended south—westward down widyan to reach the Red 
Sea coastal plain, while the majority of later alkali basalts accumulated along the 
crest line to a maximum altitude of 1,640 m at 23° N (Fig. 14.18 and 14.19). 

Jabal Umm Ruqubah in the north of the Harrat Rahat was a source of the 
youngest Madinah basalt, and has a peléan dome and spine. It is surrounded by 
block and ash flows from nuée ardente type pyroclastic flows (Camp and Roobol, 
1991). There are at least 128 volcanic vents, 23 volcanic plugs and 8 volcanic 
domes in this harrah (Fig. 14.19). 

Most of the surface of Harrat Rahat is covered by weathered and fractured 
blocky basalt and black scoriaceous flows, as well as ventifacts, presenting a very 
rough terrain. 


14.2.2.8 Harrat Khisb 


Harrat Khisb lies 40 km east of the southern half of Harrat Rahat. It occupies an 
area of 5,892 km? and is also elongated N-S, with a length of 120 km and a 
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Fig. 14.19 Satellite view of the northern Harrat Rahat, known as Harrat Rashid, near to 
Al Madinah al Munawwarah, which is seen near the top left. The Quaternary black volcanic 
flows of the Upper Madinah Basalt are clearly seen radiating out from a 1,368 m high erup- 
tion centre. A large black, basalt flow extending to the north is a historical flow, with last 
known activity in AD 1256. Image width is 50 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 


width of up to 62 km, consisting mainly of Pleistocene to Holocene alkaline 
olivine basalt and basanite, sometimes with well developed pahoehoe, or ropy 
lava (Fig. 14.21a). The whole harrah seems to have formed rapidly and is also of 
interest for its lava tubes up to 3 km long on the west flank of Jabal Hil (Roobol 
et al., 2002). The highest point is Jabal Hil (1,475 m) and the entire harrah lies 
above 1000 m, with 188 vents, scoria cones being most numerous. On the west- 
ern edge of Harrat Khisb, Al Wahbah Crater (Fig. 14.20) is a 2 km wide and 210 
m deep, Holocene, phreatic, or maar, explosion crater (Brown et al., 1989; Roobol 
and Camp, 1991; Grainger, 1996). There is a tuff ring of debris around the crater 
and Holocene basaltic lava flows occur, especially on the western flank. The 
basaltic terrain of Harrat Khisb is rugged and pock-marked with many scoria 
cones and craters. 


14.2.2.9 Harrat Hadan 


Located 90 km east of Ta’if, and south of Harrat Khisb, the Harrat Hadan has an 
area of 3,700 km? and is composed of 150 m thick, older alkali—olivine basalts, 
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Fig. 14.20 Al Wahbah, an open maar crater of Early Quaternary age on the western 
side of Harrat al Khisb. Lavas has punched through crystalline rocks of Arabian Shield. 
Some 160 m of Precambrian diorites are exposed in the 210 m deep crater. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


mostly of Early Miocene age, although some Pliocene flows are recorded 
(Coleman et al., 1983). The basalt surface is more weathered here, but is still 
rocky desert. 


14.2.2.10 Harrat Nawasif-Harrat al Bugm 


These large harrah areas cover 10,800 km?, and are really all one area with the 
northern part called Harrat Nawasif, and the southern part Harrat al Buqm. 
Together, they form a rather uniform, very flat lava dome 180 km long and up to 
85 km wide, trending NNE-SSW, with basalt flows radiating outwards. The succes- 
sive flows range from Late Miocene to Pleistocene and are mainly Pliocene, with a 
flow in Wadi Ranyah dated at 1.1 + 0.3 Ma (Hötzl et al., 1978b) being among the 
youngest. The surface is rough consisting of weathered basalt blocks, together with 
130 intact cones and 30 eroded cones, and 19 volcanic plugs along the 
south-western edge of Harrat al Buqm. 





Fig. 14.2la Pahoehoe or ropy basaltic lava in Harrat Khisb (photo by J. Roobol of 
M. Al-Shanti, reproduced by kind permission of John and Susy Pint. ‘Desert Caves Khisb 
Photo Gallery 2002.) www.saudicaves. com/gallery2002.html. 
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Fig. 14.21b Pahoehoe, or ropy basaltic lava on the flank of Jabal Qidr, Harrat Khaybar. 
(photo by J. Pint, reproduced by kind permission of John and Susy Pint). 
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Fig. 14.22 Harrat al Birk alkaline basalt volcanics, here seen as dark areas on the east of 
the Red Sea. They tend to have a N-S alignment in the eastern part. The striped area on the 
right consists of foliated Precambrian metamorphics of the Arabian Shield. Width of image 
is 130 km. (Image courtesy of Image Analysis Laboratory, NASA Johnson Space Center). 


14.2.2.11  Harrat al Birk (Harrat Hayil) 


The alkaline basalt volcanics of Harrat al Birk are situated on the Red Sea coastal 
plain covering 1,800 km?, where they separate Tihamat ash Sham from the more 
southerly Tihamat Asir (Fig. 14. 22). 

The flows are mainly Pleistocene and some are dated as Middle Pleistocene, 
180 ka and 250 ka (Coleman et al., 1983). Quaternary cinder cones are abun- 
dant with some 92 eroded craters (Brown et al., 1989), so that the surface is very 
rough and rockstrewn. 


14.2.2.12  Harrat as Sarat 


This is the southernmost of the Saudi Arabian harrah. It rests on the Asir Plateau 
and has an area of 750 km?. Jabal as Sarat consists of 580 m thick, old volcanic 
flows of alkali-olivine basalt of Early Miocene to Middle Oligocene age (Brown et al., 
1989) extending in a NW-SE direction for 68 km and up to 15 km wide. This harrah 
has a surface of weathered basalt blocks (Fig. 14.23) and is somewhat less rough 
than other harrah areas, although with six volcanic plugs and 23 in nearby areas. 
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Fig. 14.23 Jabal as Sarat showing the blocky basalt surface, with some columnar basalt 
in the right foreground. (Photo by H. S. Edgell). 


14.2.2.13  Harrat al Hutaymah 


In the most north-easterly part of the Arabian Shield, there is a small volcanic 
field known as Harrat al Hutaymah. It covers 900 km? and consists of alkaline 
basalt resting on crystalline basement rocks incorporating the nearby Harrat 
Zahanif and Harrat Ubdah, making a total area of 1,600 km?. Several explo- 
sion craters reveal the basement rocks and one at Jabal Humayyan is 110 m 
deep and 1.25 km wide (Bramkamp et al., 1963). Lava flows of the pahoehoe 
type have been observed (Brown et al., 1989) and the ages of flows areas are 
less than 2 million years old (Thornber, 1990, 1994). The outline of this har- 
rah is irregular with many lobes due to flows, and it is 54 km long and up to 50 
km wide (Fig. 14.24). 

There are 19 intact craters in this harrah and 22 eroded craters, such as the 
tuff cone of Hutaymah (Fig. 14.25), whose surface is rough and topography 
irregular. An enlarged Landsat 7 image shows the plan view of the Hutaymah 
cone and its crater (Fig. 14.26). 


14.2.3 Harrah of Yemen 


Numerous areas of harrah are found in Yemen, either on the Yemen Plateau, 
inland in the Dhamar area, or along the coast of the Gulf of Aden (Fig. 14.27). 
The total area of these rocky deserts of Cenozoic basalts in Yemen is 5,226 km?, 
excluding the Oligocene Yemen Volcanic Group. 
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Fig. 14.24 Harrat al Hutaymah volcanic field. Note the numerous Recent volcanic cones, 
appearing black often with a white central spot marking their crater. Image width is 50 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 14.25 The volcanic basaltic tuff cone and crater of Hutaymah, in north-eastern Saudi 
Arabia looking north-west. (Credit U. S. Geological Survey/photo by C. Thornber USGS). 
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Fig. 14.26 View of Hutaymah volcanic basaltic tuff cone and crater, near the 
north-eastern edge of the Arabian Shield. (NASA Landsat 7 image 2000 series, courtesy 
of nasa.gov/mrsid/ mrsid.pl). 


14.2.3.1 Yemen Volcanic Group (Trap Series) of North Yemen 


Most of the north Yemen consists of a over 2 km thick pile of volcanic flows, known 
as the Trap Series, or more recently as the Yemen Volcanic Group (Abou-Deeb 
et al., 2002), made up of alternating flows of basalt, andesite and trachyte por- 
phyry, as well as intercalated varicoloured tuffs. Geukens (1966) gives their age 
from Oligocene to Miocene, but they are now considered 3 1-29 Ma, or Mid to Late 
Oligocene (Abou-Deeb et al., 2002, Menzies et al., 2002). These thick volcanics 
and the good rainfall explain the intensive agriculture in the highlands of north 
Yemen, but also exclude it as a desert. 


14.2.3.2 Aden Volcanic Series 


A sequence of rhyolite, trachyte and keratophyre flows occurs around Aden, fol- 
lowed by more numerous flows of alkaline olivine basalt. These volcanics are of 
two stages: Late Miocene to Early Pliocene and Plio-Pleistocene (von Wissmann 
et al., 1942). Aden itself lies in a very low rainfall area with an average annual 
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Fig. 14.27 Distribution map of main harrah areas in the Yemen. All volcanic fields are 
Quaternary, except for the Oligocene Trap Series, and a part of the Aden Volcanics. 


precipitation of only 17 mm, so that this rugged topography and partly dissected 
lava flows form a rocky desert environment (Fig. 14.29). The more recent basaltic 
flows form the headland of Little Aden (Fig. 14.28). 

The Aden Volcanic Series occurs along much of the coastal area at Perim 
Island and Bab al Mandab, then inland from Khawr al Umayrah (12° 45’ N, 44° 
10’ E), where they cover 235 km?. They also occur at Bir Ali (13° N, 28° 15’ E), 
covering 300 km? with the Bal Haf Holocene volcanic vent, and east of Shuqra 
in Al Fadhli (Fig. 14.30), covering an area of 2,640 km?, known as Harrat as 
Sawad. This volcanic field extends for 88 km along the coast and up to 55 km 
inland and contains the Sawad Volcano, which erupted in historical times and is 
1,737 m high. 

Seven small volcanic areas occur just west of the outlet of Wadi Masilah 
at Sharkat (15° 04’ N, 50° 43’ E) and contain young volcanic cones. One at Bir 
Borkhu (15° 30’ N, 50° 29’ E) has a prominent cone and was active in the 
Holocene. All these basic Tertiary and Quaternary volcanics along the north- 
ern edge of the Gulf of Aden are related to the opening of the Gulf of Aden, 
and contain rocky desert terrain. 
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Fig. 14.28 The Aden Volcanic Series at the port of Aden on the right, where there is a 
volcanic crater, and at the refinery town of Little Aden on the left, with small volcanic 
craters and flows. Image width is 29 km. (NASA Landsat 7 image 2000 series, courtesy 
of nasa.gov/mrsid/mrsid.pl). 


14.2.3.3 Harrat Arhab 


Another Quaternary lava field in interior Yemen is the Harrat Arhab, whose 
southern edge is only 10 km north of Sana’a. It covers an area of 825 km?; is 
39 km long and 30 km wide, and lies at an altitude of 3,100 m, being separated 
by a NE-SW fault from the Jurassic Amran Formation to the north. This is a 
Pleistocene to Recent basaltic volcanic field, where the last eruption was in AD 
500. The surface is of blocky basalt and forms another area of rocky desert on the 
northern Yemen Plateau. 


14.2.3.4 Harrat ad Dhamar 


The Harrat ad Dhamar occurs in an east-west rift 110 km south-east of Sana’a, 
covering an area of 354 km? between Ad Dhamar and Rada, over a length of 
55 km and some 12 km wide. It lies at an elevation of 3,500 m and the Harrat ad 
Dhamar volcano (14.57° N, 44.67° E) is the most recent evidence of volcanism 
in Arabia having erupted in 1937. This harrah lies in an active earthquake area, 
where the Dhamar Earthquake of December 13, 1982 occurred. The epicentre of 
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Fig. 14.29 Aden Volcanic Series as seen behind the city of Aden, southern Yemen. The 
old town of Aden is called ‘Crater’ and is located in the crater of an old volcano as seen in 
the lower right of Fig. 14.28. (Photo by H. S. Edgell). 


this earthquake was in the Jabal Isbil zone, where there have been volcanic flows 
in historical times (Landry and Weber, 1983). 


14.2.3.5 Harrat Sirwah-Ma’rib 


This NE-SE trending volcanic field lies between Sirwah and Ma’rib and is 38 km 
long and 8 km wide, covering 290 km?, with a smaller area of 78 km? to the 
south-east. It consists of basalt flows with a typical rough surface. 


14.2.4 Harrah of Syria 


Cenozoic basaltic volcanic fields cover 34,000 km? in southern Syria (Fig. 14.31), 
especially in the Jabal ad Druze and Hauran areas, including extensive areas of 
Pliocene basaltic flows in the Zamlat al Bkhila region. They form rocky deserts, 
mainly in southern Syria. Many other areas of Cenozoic volcanic fields occur in 
Syria, as near Homs and in the Al Qamishli (Qarashuk) area of the most 
north-eastern part of Syria, but these lie outside the desert climatic zone. 


Fig. 14.31 





Fig. 14.30 Volcanic cones in southern Yemen in the vicinity of Shuqra. Note cinder 
cone on left (Photo by H. S. Edgell). 
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Map of the Cenozoic lava fields of Syria, Jordan, and northern Saudi Arabia. 
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14.2.4.1 Jabal ad Druze-As Safa volcanics 


The youngest volcanics in southern Syria occur around Jabal ad Druze and in 
the As Safa area to the south, extending almost to the border of Lebanon and 
Syria. They consist of Holocene basalt sheets distributed over an area of 6,000 
km? forming the plateaux of Diret at Touloul and As Safa, with a high point of 
1,735 m at Jabal ad Druze, and including the Tulul (Touloul) as Safa volcanic 
cone (Fig. 14.32). 

There are nine separate basaltic lava flows in the Jabal ad Druze volcanics, 
mainly of pahoehoe, or ropy lava, the most recent being in historical times. 
Thirty volcanoes, 70-250 m high, occur with well developed cones in rows 
trending NNE, together with numerous slag domes surrounded by volcanic 
bombs and lapilli. The older of these Recent plateau basalt flows exfoliate in slabs 
to expose coarse porous lava with polygonal joints, or form a chaotic cover of 
basalt blocks (Ponikarov et al., 1967). The latest flows still show the ropy struc- 
ture and are dotted with cones, slag domes and craters providing a rugged, 
black, rocky terrain. 





Fig. 14.32 The Recent 746 m high volcanic cone of Tulul (Touloul) as Safa (diameter 
18 km), 100 km south-east of Damascus with surrounding older volcanic vents and 
flows. Khabra’ deposits of Rhoubeh form the elongate white area just east of Touloul (Tell) 
as Safa. Image width is 30 km, centred at 33.1° N and 37.8° E. (U. S. Geological Survey 
Aster VNIR image 003:20085864514). 
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14.2.4.2 Harrah of Nahr al Frat older terraces 


Five relatively small areas of Late Quaternary melanocratic to alkali basalt occur 
on the Pleistocene older second and third gravel terraces of the Euphrates (Nahr 
al Frat) to the north and north—west of Dayr az Zawr (Deir az Zor) and east of Ar 
Raqqah. These basalt sheets have a rough hummocky surface with slag crusts 
and ropy lavas (Ponikarov et al., 1967). 


14.2.4.3 Middle Quaternary harrah areas of Syria 


Flows of Middle Quaternary normal, melanocratic and alkali basalts are found in 
south-western Syria (Tell ash Shaar area), in Jabal Fru’Tarat al Olab in south- 
eastern Syria, as well as north and north-east of Jabal Bishri, near the Nahr al 
Frat, and just west of Nahr al Khabur. Basalt flows of this age also occur in the 
north-eastern corner of Syria, although this area has good rainfall and is not 
considered to be desert. The surface of the flows along the Nahr al Frat contains 
unrounded basalt blocks, resting on the third terrace and are considered to be of 
Middle Pleistocene age (Ponikarov et al., 1967). 


14.2.4.4 Hauran volcanic fields 


The Hauran is an extensive volcanic plateau between altitudes of 600-1000 m 
in south—western Syria. It consists primarily of dolerites and some pyroclastics, 
the latter associated with truncated volcanic cones and old craters. The surface 
forms a plain with lava swells, burst gas bubbles and old cones. It is rocky, but 
contains no slag crust or ropy lava, as with younger flows. 


14.2.4.5 Pliocene volcanic flows of Syria 


Along the border with Syria, there is a large area of thick Pliocene volcanic flows, 
especially in the Zamlat Bkhila area. Other areas of Pliocene flows are found to 
the west of Homs (Hims), east of Jarablus near the Turkish border, and in the tem- 
perate north-eastern corner of Syria. They are composed of successive basalt 
flows, often separated by a weathered layer. Surface outcrops show columnar 
jointing, or form rounded, weathered blocks, and build highly dissected table- 
lands (Ponikarov et al., 1967). 


14.2.4.6 Miocene volcanic fields of Syria 


Basalt flows of Middle Miocene age occur as outliers south of Damascus 
(Dimashq), where they are up to 100 m thick. The individual flows tend to be 
massive toward the base and porous near the top. The surfaces of all these flows 
are somewhat weathered, but often contain blocky basalt. Upper Miocene basalt 
flows also occur in the Akkar, and north of Salamiyeh, as well as to the south of 
Halab (Aleppo), although these farming areas are not desert. 
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14.2.5 Harrah of Jordan 
14.2.5.1  Harrat ash Shaba 


The Late Tertiary and Quaternary basalts of the Hauran and Jabal ad Druze extend 
into north-eastern Jordan for 180 km, in a belt of rocky desert from 50 to 170 km 
wide, and continue into the Harrat Shamah in northern Saudi Arabia. This whole 
volcanic belt has been called the North Arabian Volcanic Plateau (Barberi et al., 
1979), and Harrat Ash Shaam (Shaw et al., 2003). The part in north-eastern 
Jordan is known as Harrat ash Shaba, where basalts cover 11,000 km?, and is 
sometimes referred to as the eastern Badia basalt plateau (Allison et al., 2000). 
The land falls from over 1,100 m in the NNW towards the SSW for over 50 km, 
to elevations of around 550 m. Basalts are mostly of Miocene to Pliocene age with 
a thickness of 25 m and later tuff volcanoes occur 50-70 km north-east of the 
H5 oil pumping station. Younger basalt flows of Pleistocene to Holocene age are 
found along the Mafraq—Baghdad road, striking 120° and are many kilometres 
long, having numerous volcanic cones (Bender, 1968, 1974). The basalt is blocky 
due to insolation cracking and corroded by wind, making a rugged, black and 
rocky surface. Basalt boulders of varying shapes and sizes cover large tracts, and 
there are many irregular basaltic flows, as well as old volcanic cones. Numerous 
small claypans or qa‘ lie between these basaltic flows. 


14.3 ARABIAN SHIELD ROCKY DESERT 


Most of the Arabian Shield consists of metamorphic and igneous rocks of 
Proterozoic age with some metasediments. The Arabian Shield has many areas of 
rugged, rocky outcrops and these outcrops, ranges, kopjes and occasional insel- 
bergs are often flanked by piedmonts and bajadas (Fig. 14.33). 

They are referred to as the Najd Peneplain or Pediplain (Brown 1960; Brown 
et al., 1989), although it seems more appropriate to refer to the surface of the 
Arabian Shield as rocky desert. In fact, the term peneplain was defined by W. M. 
Davis (1895) as “an almost featureless plain, showing little sympathy with struc- 
ture and controlled only by a close approach to base level, [which] must charac- 
terize the penultimate stage of the uninterrupted cycle.” The so-called Najd 
Peneplain (Brown, 1960) is not featureless, not closely approaching base level, 
and shows considerable structural control. It has an area of nearly 300,000 km2, 
excluding parts of the Arabian Shield covered by volcanic fields or harrah, as well 
as some western parts of the Shield here referred to as desert plateaux. The rocky 
desert of the Arabian Shield slopes from elevations of 2,000 m in the west to 617 m 
in Wadi ar Rimah. Its surface contains many ridges and hills of Precambrian 
metavolcanics and metasediments, as well as inselbergs (Brown et al., 1989), 
sometimes referred to as kopjes (Fig. 14.34), and the aggradational accumula- 
tions around them are piedmonts or bajadas, where the piedmont fans coalesce, 
not pediments, as they describe. There is no doubt that the surface of the Arabian 
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Fig. 14.33 Rocky outcrops and granite tors on the western part of the Arabian Shield 
rocky desert in the vicinity of Al Aqiq, Saudi Arabia. (Photo by H. S. Edgell). 
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Fig. 14.34 Typical terrain for much of the central and western Arabian Shield with 
occasional small kopje-like erosional remnants and considerable alluvial or sand cover. 
Here seen east of Al Aqiq, western Saudi Arabia. (Photo by H. S. Edgell). 
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Shield represents an old, partly eroded surface, although it is certainly not a pene- 
plain as stated by Hötzl et al., (1978b). The highly dissected topography of the 
Arabian Shield in the Midyan Mountains and Al Kawr Mountains of Yemen dis- 
prove this, as does the uneven, rocky surface of most of the central Arabian 
Shield. Since basalt flows as old as Middle Oligocene have poured out on this sur- 
face, as seen at Jabal as Sarrat, the surface must be Early Tertiary, possibly Early 
Eocene or Paleocene. The oldest deposits on the Arabian Shield are those of the 
Khurma Formation tentatively regarded as Paleocene (Sahl and Smith, 1986), or 
possibly the Usfan Formation near Jiddah now considered latest Paleocene 
(Brown et al., 1989). The fossiliferous Umm Himar Formation, which discor- 
dantly overlies the Khurma Formation, is definitely of Paleocene age and is possi- 
bly an estuarine outlier equivalent to the thick and widespread Umm er Radhuma 
Formation, although Camp and Roobol (1989) interpret it as due to crustal 
down-warping at an early stage of the Red Sea Rift. This would seem too early, 
since Brown et al., (1989) give the earliest rifting as 30 Ma, in the Oligocene. The 
question of how the thick sedimentary succession of the central Arabian escarp- 
ments, ranging from Cambrian to at least Middle Eocene suddenly disappears 
without trace to the west has intrigued geomorphologists. Holm (1961) consid- 
ers the Arabian Shield to have undergone planation in the Late Precambrian, and 
to have remained low when most of the Phanerozoic sedimentary sequence was 
deposited on its surface, since sediments of this sequence mostly seem to have 
originated in quiescent shallow marine conditions. 

The Arabian Shield was only uplifted towards the end off the so-called Alpine 
Orogeny and further accentuated by the uplift of the Yemen and Hadramawt in 
the Pleistocene (Holm, 1962). Evidence that the Precambrian surface was only 
eroded to an inselberg stage is given by Brown (1960), who notes that inselbergs 
of granite and old greenstone can be seen in cliff faces of Midiyan, as well as pro- 
truding through the Ordovician Wajid Sandstone at Bir Idimah, north of the 
Yemen border. The Cambrian Siq Sandstone extends as outliers on the Arabian 
Shield, as far as Al Madinah, and is 233 m thick at Wadi Amadan, where it rests 
unconformably on the Late Precambrian Jubaylah Group (Brown et al., 1989). 
“The formation of the great west-facing scarps in the Najd has never been 
explained satisfactorily,” Holm (1961). He did not accept rapid scarp retreat as an 
explanation, although this must have occurred since these scarps were tilted up 
in the Mid Tertiary. 


14.4 SINAI ROCKY DESERT 


The southern third of the Sinai Peninsula is similar to the Arabian Shield, from 
which it is separated only by the Dead Sea—Gulf of Aqaba Rift. Apart from a 
Recent to Pleistocene coastal plain on the west, and a narrow strip of Mesozoic 
outcrops from Wadi Sidr to Jabal Naqus, the southern Sinai consists of 
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Fig. 14.35 Rugged Precambrian basement rocks, mostly granites and gneiss, exposed 
near St. Catherine’s monastery near Jabal Katherina in the high southern part of the Sinai 
Peninsula. (Photo by B. Amer of ‘Desert Adventures’). 


Precambrian igneous and metamorphic rocks. These crystalline basement rocks 
rise to 2,438 m at Jabal el Thabt and 2,637 m at Jabal Katherina (Fig. 14.35), and 
then slope northwards for nearly 100 km, where they are covered by Cretaceous 
and Tertiary strata of the Igma Plateau some 1,000 m high, and the Plateau of El 
Tih farther north. The Precambrian rocks of the southern Sinai cover a deeply 
dissected, inverted triangular area and form a rocky desert terrain, which is the 
original wilderness. 
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Deserts of interior drainage 
basins 


Due to the low to very low rainfall in Arabia, most streams are intermittent, as 
widyan, with insufficient drainage volume to reach the coast, so that they termi- 
nate in a multitude of small interior drainage basins. This characteristic endorheic 
(endoreic) drainage of deserts leads to the formation of claypans, called, qa‘, 
khabra’, or faydah deposits, as well as lacustrine deposits of ephemeral lakes, and 
continental sabkhah areas, all of which can be classed as depression deposits. 


15.1 CLAYPAN DESERTS (QA‘ OR KHABRA’ 
DEPOSITS) OF ARABIA 


It is difficult to calculate the exact extent of claypan deserts in Arabia, as many 
occur within major dune systems. Areas of recognized qa‘(pl. qi’an), khabra’ (pl. 
khabari), or faydah (pl. fiyad) deposits are listed below, and their total area is esti- 
mated to be 5,270 km, but they are so numerous and often quite small that their 
total area in Arabia maybe twice this figure. Most of them have a typically dried, 
mud-cracked, clayey surface (Fig. 15.1). 


15.1.1 Al Jafr area 


About 240 km? of flat claypan occur in the centre of the 914 km? Al Jafr Depression 
in south-eastern Jordan (Fig. 14.11). Clayey lacustrine beds are still being deposited 
in this depression forming the Qa‘ Jafr, but extend back to the Late Pleistocene 
deposits dated at 26,400 + 870 years BP (Huckreide and Wiesemann, 1968). 


15.1.2 Mudawarrah Depression 


There is a claypan, or qa‘ deposit, in a depression in Lower Palaeozoic sandstones 
12 km south-east of Al Mudawarrah with its lowest point at 673 m altitude 
(Figs. 15.2a, 15.2b). 
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Fig. 15.1 Typical mud-cracked surface of an Arabian qa‘, or khabra’ deposit (claypan). 
The layering may represent seasonal flooding. (Photo H. S. Edgell). 


The main qa’, or claypan, is 9 km long and up to 5 km wide, covering some 
20 km?, and is the remnant of a perennial Eemian lake, which then covered 
1,000 km?. Shell beds are found some 20 m above the depression, indicating the 
extent of a Pleistocene palaeolake about 125 ka BP. The implications of this 
Eemian wetter phase, corresponding to MIS 5e, for the rest of Arabia are consid- 
erable according to Petit-Marie et al., (2002). Bender (1968) also mentions the 
mud flats of Qa‘ Abu Trifaya located 135 km ENE of Al Mudawarrah, where there 
is a qa‘ or khabra’ deposit between outcrops of Silurian sandstone. 
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Fig. 15.2a Al Mudawarrah Depression in southernmost Jordan seen here as a qa‘, or 
claypan just north of the Jordan/Saudi border with nearby sabkhah areas. There is also a 
number of smaller qi’an, or claypans farther north, lying within outcrops of Ordovician- 
Silurian sandstone. 


15.1.3 Qa‘ al Azraq area 


In north-eastern Jordan, there is an area of some 85 km? of claypan desert 
around the 377 km? Al Azraq Depression (Figure 15.3a). The clayey lacustrine 
sediments, in Qa‘ al Azraq Depression, extend from Recent until the Lower 
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Fig. 15.2b Satellite view of Al Mudawarrah area showing the main qa’, or clay- 
pan (just above image centre), and sabkhah areas to the SW, SE and S. Al Mudawarrah 
Station is in the top left corner. The Jordan/Saudi border shows as a dark line. Ordovician- 
Silurian sandstones appear as banding in the top right quadrant. The Hejaz railway is vis- 
ible on the left. Image width is 12 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid.pl). 


Palaeolithic (early Middle to Early Pleistocene) on archaeological evidence. 
Average annual precipitation in Al Azraq basin is 85 mm. Azraq Depression con- 
tains a complex of freshwater pools, springs (Fig. 15.3b) and a large claypan, or 
qa‘. It lies at the north-western end of the shallow, 300 km long trough of Wadi 
as Sirhan, and is only separated from the Wadi as Sirhan catchment by a slight 
rise of less than 30 m. The floor of Al Azraq Depression is covered by lacustrine 
deposits of clay, limestone and gypsum. It was once the site of a Pleistocene lake 
covering 4,500 km? during the Wiirm pluvial when 25 m of limestone and marl 
with freshwater mollusks and ostracods were deposited. The upper lacustrine 
limestones gave a Late Pleistocene !4C age of 26,400 + 370 BP (Garrard and 
Stanley-Price, 1977). 

Another claypan known as Qa‘ Butm, with an E-W length of 8 km and a 
width of 5 km, lies 10 km west of Qa‘ al Azraq, while the smaller Qa‘ al Umari lies 
some 15 km to the south-east. Three types of qa‘ have been recognized in the 





Fig.15.3a Qa‘ Al Azraq Depression showing the main water body just north of centre 
(in black), and surrounding claypan areas (shown here in light grey). The black, basaltic 
terrain of Harrat ash Shaba can be seen north of the main pool. Image width is 35 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





(b) 


Fig. 15.3 (b) View of Al Azraq marshlands in eastern Jordan. (Photo from 
AzraqExpertnet.medwestcoast.com.AzraqNow) 


356 Chapter 15 


Badia region of NE Jordan. They are (1) larger enclosed qa‘ many km? in area 
with extensive catchments e.g. Qa‘ al Buqayawiyah (32.05° N; 37.11° B), 2) 
smaller qa‘ called marab, where larger widyan widen and deposit their generally 
coarser sediment e.g. Marab as Suway’id (17.52° N; 27° E) and (3) quite small 
local depressions or mini qa‘ (Allison et al., 2000). 


15.1.4 Wadi as Sirhan Basin 


In the north-western corner of Saudi Arabia, there is an extensive claypan desert 
along the NW-SE course of Wadi as Sirhan, just south-west of the Harrat ash 
Shamah. Wadi as Sirhan basin is a major internal drainage basin, extending for 
300 km as a shallow basin from eastern Jordan south-westward into northern 
Saudi Arabia (Fig. 15.4). Wadi as Sirhan Basin occupies an area of 35,500 km, 
although the immediate basin around the claypan has an area of 2,991 km?. 


15.1.5 Wadi at Turbal area 


Wadi at Tubal has an almost enclosed drainage basin in western Iraq, which has 
resulted in accumulation of a claypan covering some 250 km2. 


ss 
—. 





Fig. 15.4 Wadi as Sirhan Basin shown in a regional view as an elongated light area 
running diagonally from top left to lower right with numerous widyan draining north- 
west into it from Jordan. Qa‘ al Azraq appears like a large black comma near the top left. 
The claypan is in the lower middle. Image width is 200 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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15.1.6 Qa‘ Hazawa 


Between Harrat Kurama and Harrat Rahat, some 30 km ESE of Al Madinah, 
there is an area of flat claypan desert known as Qa‘ Hazawa. It covers an area of 
148 km?. 


15.1.7 Qa‘ ash Sharfidah 


This small qa‘ deposit with Quaternary silt lies just south of Qa‘ Hazawa, on the 
north-eastern edge of the Harrat Rahat, and has an area of 41 km?. 


15.1.8 Qa‘ al Kafqah 


Qa‘ al Khafqah is a quite large, silt-filled depression, elevation 905 m, on the east- 
ern side of the Harrat Rahat volcanic field. It forms a triangular area of 378 km? 
with its apex pointed towards the south-east. Many small ephemeral streams flow 
into it from all sides, but especially from the ENE, as the Harrat Rahat volcanics 
have blocked earlier drainage to the Red Sea. It contains winter rain for short periods 
(Fig. 15.5). 





Fig. 15.5 Qa‘ Khafqah, a large endorheic deposit lying immediately east of Harrat 
Rahat basalt flows, which have blocked drainage to the Red Sea. The road to Mahd adh 
Dhahab crosses the south-east of the qa‘. Image part width is 40 km part. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl centred at 23.4° N; 40.4° E). 
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15.1.9 Khabra’ al Arn 


This is another claypan, or qa‘ depression on the southern part of the east side of 
Harrat Rahat. It is also filled with Quaternary silt and covers an area of 149 km?. 


15.1.10 Faydat al Mislah 


Faydat al Mislah lies some 10 km east of the south-eastern corner of the Harrat 
Rahat volcanic field. It is a silt-filled depression with an area of 199 km? some- 
times containing water in winter. 


15.1.11 Al Safwah al Yamaniyah 


As Safwah al Yamaniyah is located 20-25 km east of the eastern edge of the Harrat 
Khisb volcanic field, and 270 km south-east of Al Madinah. It is of inverted pyriform 
outline, being some 22 km long from north to south and up to 12 km wide, with an 
area of 216 km2. This qa‘ is largely filled with silt and may briefly hold winter rain. 


15.1.12 Khabra’ al Hawar 


This claypan lies 75 km west of Ar Riyadh in a depression within the Minjur 
Sandstone, and south-west of the Marrat scarp. It is 24 km long and up to 8 km 
wide, but is mostly 3 km in width. Khabra’ al Hawar is relatively small and covers 
an estimated area of 80 km? (Fig. 15.6). 


15.1.13 Al Mundafan area 


On the far western edge of the Rub‘ al Khali in Al Mundafan area, a series in old 
lake beds have been observed by McClure (1984). They originated in a wetter 
interval 22,000-—34,000 years ago and consist of flat marly beds covering some 
15 km? in area. Some small Late Pleistocene claypans representing old lake beds 
occur between ‘uruq in the Shaqqat al Mi’ah of the south-western Rub‘ al Khali. 


15.1.14 South-western and central Rub‘ al Khali lake deposits 


A further 18 lake bed sites occur between the ‘uruq of the south-western and cen- 
tral Rub‘ al Khali (Fig. 15.7). Like Al Mundafan lake beds, they also resulted from 
a Late Pleistocene wetter phase. The largest of these old, lacustrine beds, of marly 
clay, situated at lat.17° 32’N, long. 46° E, has an area of about 15 km?, and the 
total area of these flat claypan-like areas is probably not more than 30 km2. 


15.1.15 Kuwaiti khabra’ deposits 


Just north of the Jal az Zor escarpment, some 6 km NW of Al Jahra, there is a typ- 
ical claypan, or khabra’ deposit, known as Khabrat al Mutla (Fig. 15.8). 
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Fig. 15.6 Khabra’ al Hawar, in east central Saudi Arabia seen here as a white area in the 
centre of the image, lying north of the southern dome dunes of Nafud Qunayfidah and 
south-west of the Tuwayg Mountain escarpment. Image width is 40 km, centred at 24.5° N 
and 46.3° E. (U. S. Geological Survey Aster VNIR image ID: AST_LIB.003:2006735764). 


It is 8 km long and up to 3.5 km wide and covers about 12 km? with a floor 
composed of silt and clay. A smaller khabra’ deposit, called Khabrat az Za’qlah, 
lies slightly further north on the Kuwait-Basrah road and is 3.5 km long and up 
to 1.5 km wide with an area of almost 3 km? (Salman, 1979). 


15.1.16 Syrian khabra’ deposits 


Numerous claypans, or khabra’ deposits (referred to in Syria as khabra’), occur in 
south-eastern Syria, especially in an area of sub-horizontal, Lower Tertiary lime- 
stones forming a poorly drained, low plateau to the south of Palmyra (Tadmur). 
There are at least 60 of these khabra’ areas, and only the larger ones are men- 
tioned here. Khabarat al Burgur (46 km?) lies near the Syrian/Jordan border, 
where drainage to the south-east has been blocked by volcanic flows of the Jabal ad 
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Fig. 15.7 Shoestring arrangement of Late Pleistocene lake beds between dunes in the 
south-western Rub‘ al Khali (Photo courtesy of Aramco World’ 1989, from the work of 
H. A. McClure). 


Kuwait 





Fig. 15.8 Khabrat al Mutla and Khabrat az Za’qlah, both situated NW of the Jal az Zor 
escarpment and of Al Jahra in Kuwait. Image width is 15 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Druze and Hauran. It extends for 23 km in a NNW-SSE direction and is generally 
3 km wide. Khabra’ as Sib (22 km?) is 80 km north-east of Khabarat al Burgur, and 
is 7 km long and up to 4 km wide. Khabra’ Khafta and Khabra’ Merfia occur to the 
north of Khabra’ as Sib along wadi channels with no outlet. Farther north, Khabra’ 
Tennf (10 km?) lies just to the west and north-west of the Quaternary volcanics of 
Jabal Tennf. It is 12 km long and up to 2.5 km wide. Khabra’ Mechqaiqa (8 km?) and 
Khabra’ Mredifa (6 km?) are found to the south-east of the Jabal Rhrab Quaternary 
volcanics, while Khabra’ Saryed (5 km?) lies 20 km south-east of Jabal Rhrab. 


15.2 LACUSTRINE DEPOSITS 


Numerous lake bed deposits occur throughout Arabia, and are not always clearly 
distinguishable from claypan, qa‘, or khabra’ deposits, since these are also formed 
by ephemeral lakes. The distinction is that lacustrine deposits result from lakes of 
greater permanence, and are generally of larger extent. 


15.2.1 Dead Sea (Al Bahr al Mayyit) and Lake Lisan 


The largest lake in the deserts of Arabia is the Dead Sea covering 800 km?, situ- 
ated in the arid Dead Sea Rift Valley, where average annual rainfall is less than 
100 mm (Fig. 15.9). Over the Dead Sea itself average annual rainfall is 90 mm. 

It is completely enclosed, being 75 km long and 6 to 16 km wide bordered by high 
fault scarps, and lies some 415 m below sea level, with the level reportedly falling at 
the rate of one metre a year. Inflow of water from the Jordan River is only 0.6 x 10 
m?/year and has declined greatly due to use of the Jordan River by Israel and 
Jordan. Evaporation from the Dead Sea surface is 1,500-1,600 mm/year and its 
waters are hypersaline with 33% salinity, or ten times the salinity of seawater. 
A smaller lake basin lies south of the Lisan Peninsula, and now consists of a series 
of evaporation ponds, with elevations ranging from -377 m in the southern end 
to -391 m in the north. The Late Pleistocene precursor of the Dead Sea was the 
much larger Lake Lisan, which once covered 1,200 km? at its maximum extent 
27,000 year ago when the lake level was only 164 m below sea level. It began to 
shrink rapidly in size around 16 ka BP, during the long dry cold period of the Last 
Glacial Maximum, leaving the present-day highly saline Dead Sea (Abed and 
Yaghan, 2000). The sedimentary sequence of the Dead Sea area consists 
of the Late Pleistocene Samra Formation of interbedded aragonite laminae, 
carbonate sand and silt, plus the overlying Lisan Formation with three members, 
overlain by the Holocene Zeilim Formation (Fig. 15.10). 

Two environments are found in the Lisan Formation, an offshore condition 
with alternating aragonite and detrital slit laminae, and a shore-delta environ- 
ment with clastics, mainly sand, pebbles and boulders. The three members of the 
Lisan Formation consist of alternating laminae of aragonite and silt in the lower 
and upper members, while the middle member consists of sandy layers (Bartov 
et al., 2002). Thickness of the Lisan Formation is up to 600 m in wells on the SW 
of the Dead Sea, but is generally a few hundred metres thick in surface exposures. 
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Fig. 15.9 Dead Sea with evaporation ponds in the south, which were part of the origi- 
nal Dead Sea. Image width is approximately 70 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 


15.2.2 Qa‘ al Jafr seasonal lake 


This is a large, 35,000 hectare, seasonal playa-type lake, 40 km wide from east to 
west and up to 20 km wide located in the Eastern Desert of Jordan some 45 km 
east of Ma’an (Fig. 14.11). It has seasonal saline marshes and flood in years of 
good rain (Scott, 1995). The deposits of Qa‘ al Jafr are mostly saline mud. There 
are also Late Pleistocene deposits of the Azraq Formation, including evaporites, 
sandstones and conglomerates. Al Jafr was the site of a large lake during the 
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Fig. 15.10 View across the north end of the Dead Sea showing the Lisan Formation and 
collected salt deposits. (Photo by H. S. Edgell 1966). 


humid phase of the Late Pleistocene and Middle Palaeolithic implements have 
been collected from the sediments (Huckreide and Wiesemann, 1968). 


15.2.3 Qa‘ al Azraq (Azraq Oasis) 


A complex of fresh to brackish pools and marshes fed by two springs, as well as a 
large seasonally flooded playa and mudflat comprise the Azraq Oasis covering 
12,000 hectares, which forms the focus of an internal drainage basin covering 
12,710 km? in north-eastern Jordan (Fig. 15.3a). Although Azraq was a typical 
desert oasis, with large pools of water surrounded by palm trees [see Bender 
(1968), Figure 5], the extraction of large amounts of groundwater for irrigation 
and water supply has caused spring flow to cease and about 50 hectares of ponds 
remain (Fig. 15.3b). Originally, there was a main pool known as Azraq ash Shisan 
some 3 km long and up to 2.5 km wide, and another pool about 2 km to the north 
called Azraq ad Druze, which was 1.8 km long and up to 0.4 km wide. A large 
area of mudflats, 16 km long and up to 7 km wide, lies to the south and east of 
the pools. Azraq was also a Late Pleistocene lake, and Acheulian and Levalloisian 
implements of the Middle Paleolithic are reported (Bender, 1968). 
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15.2.4 Ghadir Burqu 


Ghadir Burqu is a natural, spring fed, freshwater lake in the Eastern Desert of 
Jordan some 40 km from the Jordan/Syrian border. It occupies an area of 200 
hectares and lies between black, basalt strewn, volcanic terrain to the west, and 
flint covered hamadah to the east. This lake does not dry out seasonally like Qa‘ al 
Jafr, and its sediments consist of silts. 


15.2.5 Qa‘ Khanna (Qa’ Hanna) 


This is a seasonal playa lake elongated from NW-SE and covering 3,000 hectares, 
located 60 km ENE of Amman. It is some 15 km long and up to 5 km wide, with 
muddy sediments forming mudflats and some nearby saline marshes. 


15.2.6 Qa‘ Disa (Qa‘ Disi) 


Qa‘ Disa is a seasonal playa lake covering 1,500 hectares situated among tower- 
ing outcrops of Lower Ordovician sandstone some 10 km east of Wadi Rum, in 
southern Jordan. There are four pools, which fill up in wet years. It is underlain 
by an important aquifer and its sediments are sandy muds. 


15.2.7 Al Mudawarrah Pleistocene palaeolake 


Reference has already been made to the Pleistocene deposits in Al Mudawarrah 
depression, southern Jordan, as qa‘ deposits. There was, however, a large, peren- 
nial, Late Pleistocene lake there covering 1,000 km?, some 125 ka BP during the 
Eemian (Fig. 15.2). Its deposits include sandy shell beds with bivalves and gas- 
tropods, especially Cerastoderma glaucum, overlain by a gypsum crust, and then 
pebble beds with a desert varnished pavement surface (Petit-Marie et al., 2002). 


15.2.8 Sinai palaeolakes 


Evidence of old lakes in the Wadi Feiran area of south central Sinai comes from 
the reworked, varve-like loess deposits, which accumulated in still-water condi- 
tions (R6gner and Smykatz-Kloss, 1998), and in a Late Pleistocene lake a few 
square kilometres in size between 27 and 11 ka (Smykatz-Kloss et al., 2003). 

The presence of palaeolakes between dunes in the northern Sinai Desert has 
been referred to by El-Baz et al., (1998). 


15.2.9 Wadi as Sirhan seasonal lake 


Wadi as Sirhan drains south-eastward from the highlands of eastern Jordan and 
forms an enclosed basin in the Khasabiyah area, flanked on the east by the Harrat 
ash Shamah (Harrat al Harrah). A seasonal playa lake may develop after good 
winter and spring rains. An extensive lake existed in this area during the Late 
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Pleistocene. Quaternary alluvial sands in the Wadi as Sirhan Basin also contain 
shallow groundwater (Edgell, 1997a) often exploited by hand dug wells and cen- 
tre-pivot irrigation (Fig. 15.11 ). 


15.2.10 Bahriyat al Hijanah (Bahret el Hijane) 


Bahriyat al Hijanah is a lake 6 km long and 5 km wide, situated 45 km south-east 
of Damascus (Fig. 15.12). It lies within an extensive area of Quaternary lacus- 
trine deposits to the south and east of Damascus (Dimashq), with volcanic flows 
to the west, east and south. Van Liere (1960) recognized three levels, the oldest 
being Early Pleistocene marl with clay lenses, the middle level is gypsiferous marl 
and Middle Pleistocene, and the highest level consists of gravels from the Nahr 
Barada and Nahr Aouja considered Late Pleistocene to Holocene. 


15.2.11 Bahriyat al Aateibah (Bahret el Aateibe) 


Bahriyat al Aateibah also lies in the Damascus Basin Quaternary lacustrine 
deposits. The present-day lake is located some 27 km east of Damascus, and is 18 km 
long from NW-SE and up to 5 km wide. It lies at the eastern end of Nahr Barada 
and contains a similar sequence of deposits to that found in Bahriyat al Hijanah. 
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R Y. Fas 


Fig. 15.11 Centre-pivot irrigation using groundwater resources to grow wheat in 
Al Isawiyah area of the southern Wadi as Sirhan, northern Saudi Arabia in 2000. Some 
plots marked in white have already been abandoned. Image width is 20 km. (Image cour- 
tesy of U. S. Geological Survey “Science for a Changing World” 2000). 
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Fig. 15.12 Bahriyat al Hijanah seen near the lower right corner, at the end of Nahr al 
Aouja (Awaj), some 45 km SE of Damascus (Dimashq), between lava flows to the east and 
west. (Image courtesy of © CNES/SPOT 1992-1994) 


15.2.12 Palmyra lake basin 


There is no outlet for drainage from the south-eastern ranges of the Palmyra 
Ranges (Palmyrides), and runoff from winter rains accumulates at the lowest 
point (elevation 370 m) in the Palmyra Basin, (a closed basin 70 km long and 
35 km wide, just south-east of Tadmur) to form a temporal lake, which dries dur- 
ing the long summer with a salt crust. This ephemeral salty lake is known as 
Sabkhat Muh and is some 15 km long and 10 km wide, with wadi fans on its out- 
skirts (Fig. 15.13). 

Shallow boring to a depth of 34 m shows that most of the deposits are silt and 
mud formed under Late Pleistocene and Early Holocene lacustrine conditions, 
although there is an alternation of lacustrine and fluviatile deposits, reflecting 
alternating wetter and more arid conditions. Sakaguchi (1978, 1985) concludes 
that there were two Palmyra pluvial lakes, which he terms Lake A and Lake B. The 
former (Lake A) was present 38.5 ka BP and began to diminish by 18 ka BP dur- 
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Fig. 15.13 Sabkhat Muh south-east of Palmyra (Tadmur) Syria, seen as a whitish area in 
the middle image. The black patches are cultivated. A part of the Palmyrides appears in the 
top left. Palmyra (Tadmur) is in near the top left. Image width is 22 km. centred at 34.3° N 
and 38.4° E. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


ing the Last Glacial Maximum, when there were glaciers on Mount Hermon 
(Jabal ash Shaykh) and temperatures were at least 6°C lower. Lake A disappeared 
by 15 ka BP. The exact commencement of Lake A is not known, although it may 
have formed 75 ka BP on the basis of conservative sedimentation rates 
(Sakaguchi, 1985). The later lake (Lake B) existed in the Palmyra Basin during 
the Early Holocene, from 10 to 7 ka BP. After 7,000 years, arid conditions 
returned and the Palmyra Basin became a playa, with temporary lakes, such as 
those seen in 1974 (Fig. 15.14). Steppe desert, sparsely vegetated with perennial 
tussock grass, surrounds Sabkhat Muh, while scattered Tamarix trees are found 
around its fringes, and areas of nabkha’ (Fig. 9.14) and some low barchanoid 
dunes occur to the south-east. 

Since Late Acheulian artifacts occur only of the nearby upper terraces, this ter- 
race level must be pre-Late Acheulian and is believed to have formed at least 600 
ka BP. The middle terrace contains primary Levantine Mousterian artifacts and is 
estimated to have formed 135 ka BP. Thus, the Palmyra Basin area has been gen- 
erally arid for the last 600,000 years, or more specifically, it has fluctuated 
between semi-arid and semi-humid during this period (Sakaguchi, 1985). 
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Fig. 15.14 Sabkhat Muh as a large temporary lake in the winter of 1974 looking 
towards the south-east to the islet of Ash Shajara. (Photo credit Y. Sakaguchi). 


15.2.13 Hawr al Hammar 


Although there are many lakes in Iraq between the Tigris (Nahr ad Djilah) and 
Euphrates (Nahr al Frat), they are all in areas not considered as desert. The Hawr 
al Hammar, however, lies (or more correctly lay) in an arid area immediately 
south of the Euphrates (Fig. 15.15). 

It extended almost east-west for 88 km with a general width of 10 km and with 
the east end only 20 km north-west of Basrah (Geological Map of Iraq 1986). 
Since the early 1990’s the Hawr al Hammar has been completely drained, and 
now consists of arid, salty land (Fig. 15.16). 

The original lake originated in the Holocene, following the retreat of the 
Flandrian transgression some 4,000 years ago. Deposits of Hawr al Hammar 
form the Hammar Formation consisting of 6.5 m of coarse and very coarse, ill- 
graded sand, rarely cemented, with some silt. Some of the sand is wind-blown 
(Hudson et al., 1957). 


15.2.14 An Nafud palaeolakes 


Old lake deposits, containing an extensive Early Pleistocene vertebrate fauna have 
been found in interdune situations at three localities in the south—western 
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Fig. 15.15 Hawr al Hammar in 1974 seen in the lower middle to left of this image as a 
slightly winding, black bordered, light grey water body emanating from the Euphrates 
River on the mid lower left side, and joining the Tigris River flowing from the mid top right. 
Vegetation appears as dark grey areas. (Image courtesy of Image Analysis Laboratory, 
Johnson Space Center). 





Fig. 15.16 Hawr al Hammar in 2000, after draining of the marshes of southern Iraq 
on the orders of Saddam Hussein. The remnants of the now dried lake appear as a nearly 
white area with a small black square, in the lower middle left. (Image courtesy of Image 
Analysis Laboratory, Johnson Space Center). 
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An Nafud Desert (Vaslet et al., 1994; Thomas et al., 1998). They are considered to 
be older than 1.2 ma BP indicating wetter conditions in the Early Quaternary, 
although the palaeodunes surrounding them are evidence of arid condition there, 
even earlier in the Quaternary. During the Late Quaternary, large freshwater lakes, 
several km? in extent, were present between stable dunes of the south and central 
An Nafud from 34 to 24 ka BP (Whitney et al., 1983), but palynological studies 
show that conditions were more humid, while still semi-desert (Schulz and 
Whitney, 1986; Schulz, 1990). In the Jubbah basin, on the southern side of An 
Nafud Desert, there is evidence of lacustrine conditions at three levels. The proba- 
bly Late Pleistocene lacustrine deposits near Jubbah consist of 12 m of brown clay, 
indicating a long interval of still-water conditions and wetter conditions, but are 
still undated. They are overlain by 12 m of silty evaporites and carbonates repre- 
senting shallow lake conditions, with periodic drying and carbonate precipitation. 
Diatomites, dated at 25,630 + 430 years BP, overlie the evaporites, and provide 
proof of perennial freshwater conditions during this part of the Late Pleistocene. 
Aeolian sands cover the diatomites, as desert dune-forming conditions returned, 
marking the advance of An Nafud again. Overlying these aeolian sands, there is a 
black, sandy silt layer, dated to 6,685 + 50 years BP, with carbon content up to 
16.47%, suggesting Early Holocene swampy lake conditions. These organic rich 
silts are covered by coarse calcareous sand and gravel, due to slope wash or wadi 
flow under arid conditions (Garrard et al., 1981). Until quite recent times, a sea- 
sonal playa lake existed near Jubbah. (Fig. 7.27). Shallow, ephemeral lakes of Early 
Holocene age formed at the base of dune depressions, with cemented gypsiferous 
sands, thin marl layers, and rare diatomites are also reported from several locali- 
ties in An Nafud. Radiocarbon dates for these interdune lake beds are between 
8,440 + 90 and 5,280 + 100 BP (Whitney et al., 1983). 


15.2.15 Dūmat al Jandl lake 


Near Al Jawf, there was a lake of reasonable size, surrounded by a large marsh of 
reeds and sedges, covering some 2,500 hectares, but this lake has been drained 
since 1983-1984 and turned into agricultural land, so that only a small marsh 
remains (Newton, 2001). Al Jawf has been an important centre for early man, as 
shown by the large number of petroglyphs showing hunting scenes and ibex. The 
Oldowan B site of Ash Shuwayhitiyah, considered as old as 1.3 ma, lies only 40 km 
north of Dūmat al Jandl (Whalen et al., 1986). Al Jawf, which means ‘the 
hollow’ or ‘the depression’ in Arabic, was formerly known as Dūmat al Jandl (lit- 
erally “Dawma of the Stones”), being mentioned as Dumah in the Old Testament, 
and was called Adamatu by the Assyrians in 845 BC. During the Chalcolithic, 
some 6,000 years ago, 54 groups of square-cut stone pillars up to 3 m high 
(known locally as ‘al-rajajil’) were erected along roughly E-W lines. 
Archaeological expeditions to Al Jawf in 1986 and 1997 discovered flint and 
bone instruments, confirming human occupation of the area since at least 
750,000 years ago. 
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15.2.16 Wadi Hanifah — Wadi al Luhy terraces and palaeolake 


Wadi Hanifah lies just west of Ar Riyadh, in the central Jabal Tuwayq, and is 
joined at Al Ha’ir by Wadi al Luhy. Accumulation terraces have formed in the val- 
leys of these two widyan, with the uppermost 2.5—4 m consisting of sabkhah sed- 
iments underlain by some 4 m of gravel, and with silty clays beneath the gravel. 
In the lower reaches of Wadi al Luhy, grey, clayey silt with coaly layers reaches a 
thickness of several metres, and represents still-water sediments formed under 
lacustrine conditions, due to periodic damming of Wadi al Luhy by more active 
sedimentation in Wadi Hanifah. These lacustrine slits contain abundant freshwa- 
ter gastropod shells dated by 14C at 8,400 + 140 years BP. A palaeolake existed in 
the lower parts of Wadi al Luhy during the Early Holocene wetter period. The gas- 
tropod fauna is of Afro-Ethiopian character and does not conform with gastropod 
faunas found by Schütt (1973) in northern Arabia, in the Wiirm ‘pluvial’ sedi- 
ments of the Damascus Basin (Hötzl et al., 1978e). 


15.2.17 Al Hasa palaeolakes 


Ah Hasa Oasis is famous for its natural karst springs originating from the 
Paleogene Umm er Radhuma aquifer, but mostly issuing from the karstified lime- 
stones of the Lower Miocene Dam Formation. The surface sediments around Al 
Hufuf consist of dune and sheet sand, freshwater limestone, clayey marl with gas- 
tropods and extensive sabkhah plains. Sand dunes periodically dammed the out- 
flow of the many springs, creating freshwater lakes during the Middle Holocene, 
as indicated by the presence of Neolithic spears and fish-hooks (McClure, 1974). 
A radiocarbon date for freshwater gastropods of 14,280 + 430 years BP also 
shows that a lake was present there towards the end of the Pleistocene, while 
freshwater gastropods, such as Melanopsis tuberculata have yielded a 14C age of 
2,180 + 210 years BP (Hötzl et al., 1978a) proving the presence of a Late 
Holocene lake. It is almost certain that there was a large lake in Al Hasa area dur- 
ing the Pleistocene wetter interval from 34 to 22 ka and ‘The Water Atlas of 
Saudi Arabia (1984)’ states that “We now know that the Hufuf oasis in Hasa was 
once occupied by a large lake that overflowed both northward and eastward into 
the Gulf. The actual area of the lake was apparently greatest during the Late 
Pleistocene and Early Holocene times, when precipitation was greater over the 
peninsula than it is today and when springs in the oasis were at their greatest 
charge. The combined runoff from the adjacent Shedgum Plateau and greater 
artesian flow from various aquifers supplied the lake, which overflowed to give 
rise to a series of interconnected lakes and streams now marked by salt-flat 
deposits ...residual small lakes near Hufuf ... were only drained in recent years.” 
The spring waters of Al Hasa are of such a volume that they drain north-eastward 
into the Persian Gulf, just south of Dawhat Zalum, in what was represented on a 
1712 map by Moll as the Aftan River (Golding, 1984), now called the ‘Hofuf 
River’ (Fig. 6.5 and 6.8). Arab geographers, such as Yaqut and Al-Hamdani, 
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referred to a great canalized river in the town of Hajar (present day Al Hufuf) and 
Al-Hamdani said it was “a great river” called the Muhallim. Ptolemy (~AD 150) 
in his ‘Cosmographia’ called it the Laris River, with its headwaters near the town 
of Lattha, which is probably Lahasa or Al Hasa, as Al Hufuf was formerly known. 
Even today, the only large freshwater system in the Eastern Province of Saudi 
Arabia is primarily the run-off from the springs of Al Hasa Oasis, and is referred 
to by Newton (2001) as Al-Hasa Lagoons. 


15.2.18 ‘Uyun al Aflaj 


There are presently some seventeen small lakes in the vicinity of Al Layla, 
although they are only a vestige of the large freshwater lake that existed there 
during ancient times (Figs. 15.17a and 15.7b), when falaj or qanat systems were 
developed around a freshwater lake some 4 km? in area (Ritter, 1981). 

The Layla lakes (‘Uyun al Aflaj) result from the development of good secondary 
porosity in the underlying Sulaiy, Yamama and Buwaib Formations, which have 
become brecciated due to solution of the underlying Hith Anhydrite (Edgell 
1997a). The largest lake lies 8 km SSW of Al Layla, and is 900 m long and up to 
220 m wide. The original Early Holocene lake of the ‘Neolithic Wet Phase’ was 
3 km long and up to 1 km wide. 


15.2.19 Jabrin palaeolake 


A large sabkhah, 18 km long and up to 5 km wide, occurs 5 km east of Jabrin (Fig. 
15.18). While surface sediments show the typical limey, salt crust of sabkhah, 





Fig.15.17a ‘Uyun al Alflaj showing the oasis towns of Al Layla, As Sahn and Ar Rawdhah. 
Image width is 10 km. (NASA Landsat 7 image World Wind 2004). 
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Fig. 15.17b ‘Uyun al Aflaj, the ancient oases of the Layla area in east central Saudi 
Arabia, and the present main lake. (After Ritter, W. 1981. Did Arabian Oases run dry, 
Stuttgarter Geographishen Studien Bd. 95:73-92, Reproduced by permission). 


some dug pits (Y-14, Y-15 and Y-16) show sabkhah only in the top 40 cm, with 
underlying sandy silt from 1.0 to 1.2 m thick, and a basal grey clay some 0.25 m 
thick resting on Tertiary limestones. These data suggest that lake beds existed in 
the Jabrin area prior to the onset of arid conditions some 5-6 ka BP. 


15.2.20 Umm as Samim 


Although Umm as Samim is now one of the largest areas of continental sabkhah 
in Arabia (Fig. 15.21), studies by Heathcote and King (1998) reveal that it has 
been a lake, both during the Late Pleistocene wetter interval and again in the Early 
Holocene wet phase. They found that an initial closed depression formed in the 
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Fig. 15.18 View of the encrusted saucer-shaped polygons forming the surface of the 
continental sabkhah at Jabrin, looking NW to the southern As Summan Plateau. (Photo 
credit D. C. Padget.) 


gypsiferous ‘Fars Group’ by deflation prior to 30 ka BP, although this area is a nat- 
ural topographic low below 60 m in elevation and as low as 55 m. During the Late 
Pleistocene, from 30 to 20 ka, this closed depression was occupied by a cool saline 
lake, and fluvial flow brought in detrital silt and clay. A drier climate prevailed 
from 20 to 15 ka during the LGM and the lake changed to a sabkhah. Wetter con- 
ditions returned towards the end of the Pleistocene, from 15 to 12 ka, and a lake 
was re-established, when halite was dissolved but gypsum still remained. In the 
interval from 12 to 9 ka, sabkhah conditions were again established with much 
gypsum and sand deposited, although only minor halite. During the Early 
Holocene wet phase, from 10 to 5.5 ka, a lake was formed again, only to termi- 
nate in the arid conditions from 5.5 ka to the present-day. This giant sabkhah is 
known as the “The Mother of Poisons,” and Bedouin tell tales of riders with their 
camels disappearing beneath the salty sabkhah crust, partly confirmed by 
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Thesiger (1959), who recounts how he and his Bedouin companions, as well as 
their camels often broke through the thin salty crust into black oozing mud. 


15.2.21 Palaeolakes of the south-western Rub‘ al Khali 


Old lake beds between the great linear dunes of the south-western Rub‘ al Khali 
(Fig. 15.7) were first recognised and radiocarbon dated by McClure (1976), and 
later described (McClure, 1978, 1984). He has shown the existence of two humid 
intervals over the last 33,000 years, in one of the driest parts of Arabia. The best 
development of these palaeolakes was near the south end of Jabal al Arid in the 
south-western Rub‘ al Khali. Here a series of old lake beds cover 15 km? with some 
25 m of deposits consisting of lacustrine marls, with interbedded alluvial and aeo- 
lian sands, as well as gypsum layers towards the top of the sequence. The beds con- 
tain numerous freshwater mollusks, radiocarbon dated as ranging from 32.14 to 
21.06 ka, with most dates grouped from 26,660 + 1,400 to 21,090 + 420 BP. 
These Late Pleistocene lake beds seem more or less perched, in relation to present- 
day interdunes, or shuquq, and probably formed under a different topography as 
they rest on white or greyish sands, but the old lakes are elongated in the general 
dune direction, being sometimes several kilometres long. The presence of beds with 
up to 60% diatomite, and abundant ostracods, in addition to mollusks, such as 
Melanoides tuberculata, Lymnaea sp., Planorbis sp., Unio sp. and Corbicula sp., indi- 
cates permanent freshwater lakes for several years or decades. Some lake beds were 
found to contain brackish water foraminifers, suggesting intermittent drying. The 
banks of these lakes contained rushes, such as Phragmites and Typha, while numer- 
ous charophytes of Chara sp. were found in the lake sediments. Surrounding plains 
were of the savannah type, as vertebrate remains have been found of oryx, gazelle 
and some bovids, like Bos primigenus and Bubalus (Alcephalus) busephalus. Even the 
remains of Hippopotamus have been found in these lacustrine deposits (Figs. 7.18 
and 20.3), and they exist only in permanent freshwater. Reddish sands covered 
these Late Pleistocene lakes during arid conditions, from 17 to 10 ka BP, and then 
lakes were re-established during the Early Holocene wettter phase from around 9-6 
ka. In fact, radiocarbon dates for the Late Holocene lakes, given by McClure (1984) 
on 14 samples, range from 8,800 + 100 to 6,100 + 70, except for two older dates 
of 11,465 + 115 and 14,965 + 195 years BP. The Early Holocene lakes were tem- 
porary lakes of the playa-type, which probably received rainfall in several months of 
the year. They were largely restricted to interdune areas, bordered by vegetation of 
Typha and Phragmites, and remains of oryx, gazelle and Bos primigenius are present. 
From 6 ka to the present, the area has been hyper-arid, and the site of some of the 
world’s longest sand dunes. 


15.2.22 Wadi ad Dawasir palaeolakes 


A small palaeolake occurs in the upper valley of Wadi ad Dawasir, just south of 
the village of Khamsin, marked by gypsum deposits (Fig. 15.19). The edge of the 
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Fig. 15.19 Gypsum encrusted surface of a small sabkhah south-west of As Sulayyil, 
south-western Saudi Arabia. 


old lake is delineated by black marsh deposits and the occurrence of Melanoides 
tuberculata. Neolithic implements were found near this site, and the marsh deposits 
have been dated as 9,790 + 250 BP, while the !4C date for the shells is 8,025 + 260 
BP (Zarins et al., 1979). This palaeolake was clearly formed in the ‘Neolithic Wet 
Phase.’ Isolated lacustrine deposits also occur at Bi’r at Tawilah and south of Bi’r 
Musaybih, 100 km and 105 km south-west of As Sulayyil respectively. 


15.2.23  Dhamar palaeolakes 


In the Dhamar highlands of north-eastern Yemen, thick lacustrine deposits indi- 
cate wetter lake/marsh conditions in the Early Holocene, between 10,150 and 
9,330 years BP, as shown in a well at Al Adhla at a depth of 2.6-2.8 m 
(Wilkinson, 2003). Dark grey-brown silty clay at a depth of 3.6-4.0 m also indi- 
cates earlier moist conditions, but is still undated. A palaeoclimate curve has been 
constructed by Wilkinson (2003) for the Indian Ocean near Yemen, which sum- 
marizes climatic conditions for the northern Yemen during the Late Pleistocene 
and Holocene (Fig. 15.20). 

Also, a peat deposit from the Dhamar Highlands of northern Yemen has been 
radiocarbon dated at from 9,260 + 40 to 6,430 + 40 BP, indicating moister con- 
ditions in the Early Holocene (Davies, 2003b). 
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Fig. 15.20 Palaeoclimate curve for Yemen, based on Indian Ocean cores, showing wet- 
ter intervals of Holocene (to right) and drier (to left). The dates for Arabian palaeolakes and 
for the Jahran soil correspond with wetter intervals. (After Wilkinson T. J. [2003] Fig. 3, 
courtesy of the Oriental Institute of The University of Chicago). 


15.2.24 Ramlat as Sab’ atayn palaeolake (Al Hawa) 


In the Al Abr desert to the east of Ma’rib, which is really a western part of Ramlat 
as Sab’atayn, a fossil lake depression at Al Hawa has been found with two stages of 
filling. The most extensive and deepest was around 20,000 years BP, and includes 
fossil horse remains. The second stage from 8 to 5 ka was of a lesser scale, during 
the so-called ‘Neolithic Wet Period’ and is bordered by many artifacts and imple- 
ments of Neolithic man. Wadi Jawf and Wadi Hadramawt were joined during the 
Holocene about 7,500 years ago and crossed what is now the Ramlat as Sab’atayn, 
indicating that the main dunes there formed later (Inizan, 1997). Lézine et al., 
(1998) & Gajewski et al., (2002) noted that the main phase of lacustrine develop- 
ment in the Al Hawa depression was from 7,800 to 7,299 years BP, coeval with the 
maximum activity of the South-West Monsoon, although pollen examined show 
that the regional vegetation was already of the desert type. 


15.3 CONTINENTAL OR INLAND SABKHAH 


Sabkhah forms in inland areas, and obtain their saline water supply by capillary 
action where the groundwater table is near the surface, as well as from evapora- 
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tion of salty water from surrounding inflowing widyan, in the rare intervals that 
these flow. Although the Arabic term sabkhah (plural sibakh) was originally used 
for coastal saline deposits, its usage has been extended to refer to continental 
saline deposits, formed where the saline groundwater table is near the surface or 
where centripetal drainage has led to local saline deserts. The total area covered 
by continental sibakh in Arabia is estimated to be at least 14,000 km?. 


15.3.1 Umm as Samim 


A large continental sabkhah, known as Umm as Samim (literally “the Mother of 
Poisons”), lies in a depression as low as 55 m in elevation, on the north-eastern edge 
of the Rub‘ al Khali, straddling the border between Oman and Saudi Arabia, and 
extending 140 km inland (Fig. 15.21). It has a high relief, polygonal to blocky salt 





Fig. 15.21 Umm as Samim (The Mother of Poisons), a large continental sabkhah in inte- 
rior Oman shown here as a large dark, and white bordered area, with many widyan draining 
from Al Hajar (Oman Mountains). The lowest part with 55 m elevation is the dark triangular 
area in the north of Umm as Samim. Dunes of the north-eastern Rub‘ al Khali, in Saudi 
Arabia, are seen on the left. Image width is 120 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 
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crust, bordered by mixed blister and polygonal crust (Goodall et al., 2000), and salt- 
sand deposits up to 10 m thick accumulated in earlier wetter intervals, covering an 
area of 2,400 km? according to Heathcote and King (1998). Umm as Samim has 
an area of 4,264 km? (Hearn et al., 2003), including surrounding sabkhah areas. 
It is a true continental sabkhah, situated in an area with 50-60 mm of average 
annual rainfall, receiving drainage from the Oman Mountains (Al Hajar) though 
major widyan. These include Wadi Aswad, W. Musallim, W. Majhul, W. Haliban 
and W. Umayri, as well as from widyan running northward from interior Dhofar 
(Fig. 6.5), as first shown by Edgell (1989a). Umm as Samim is not a “relict arm of the 
sea left behind as a result of relative sea level changes” as stated by Glennie (1970), 
who considered sea level had once been 150 m above present sea level. Many of the 
dunes to the west of Umm as Samim have gypsum crust and dolocrete in the inter- 
dunes, and this continues into the south-eastern UAE (Embabi et al., 1993). 


15.3.2 Sabkhah Fuwat ash Sham 


In eastern Oman, some 25 km west of the Gulf of Masirah, there is a 1 70 km long 
depression trending NNE-SSW occupied by the Sabkhat Fuwat ash Sham (literally 
‘Sabkhah of Ill Omen’). It is up to 20 km wide, partly divided by sand dunes in its 
northern part, and has an area of over 1,500 km? (Fig. 14.5). This salt encrusted 
sabkhah is intermingled towards the south with sand dunes and wadi sediments 
(Glennie et al., 1998). 


15.3.3 Sabkhah of the Jabrin area 


Some 5 km east of Jabrin, there is a NW-SE trending belt of sabkhah, 18 km long 
and up to 5 km wide, composed of salty clay and covering over 204 km?. About 
30 km east of Jabrin, there is a quite large continental sabkhah known as Sabkhat 
al Budu floored by saline clay and covering approximately 149 km?. 


15.3.4 Sabkhah of Batn at Tarfa 


A low sabkhah depression known as Batn at Tarfa lies inland south of the eastern 
course of Wadi as Sahba’, and some 20 km west of the west edge of Sabkhat Matti. 
It is 22 km long in an ENE direction and up to 8 km wide, with an area of 143 km? 
(Fig. 14.8). Bani at Tarfa is the lowest area in Arabia, except for the Dead Sea, and 
is 14 m below sea level forming a sink for one of the branches of Wadi as Sahba’. 


15.3.5 Interdune sabkhah of the ‘Urug al Mu’taridah 


Interdune areas, or shuqugq, of the eastern Rub‘ al Khali are often covered by 
sabkhah. This can be seen especially in the ‘Urugq al Mu’taridah, an area of high 
megabarchans and megabarchanoid ridges separated by smooth salty sand 
deposits (Fig. 15.22). This megabarchan area covers almost 60,000 km, of which 
at least 5,700 km? consists of sabkhah-floored shuqug, due to deflation extending 
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down nearly to the shallow saline groundwater, which is drawn to the surface by 
capillary action and then evaporated leaving a salty silt-sand crust. The extent of 
perennial shallow moisture in the interdune sabkhah, between megabarchans and 
megabarchanoid ridges in the ‘Uruq al Mu’ taridah, is shown in Fig. 15.22. 


15.3.6 Sabkhah areas in An Nafud Desert 


In the southern An Nafud Desert, there are gypsiferous sabkhah deposits near 
Jubbah, and also at Bi’r Hayzan, in the south-western corner of that desert, as 
well as several smaller interdune sibakh near the western edge of An Nafud. 


15.3.7 Sabkhat al Milh 


This sabkhah area lies near Al Qasab, just west of the Jabal Tuwayq escarpment 
and 20 km north of the Ar Riyadh—-Jiddah highway. It extends for 12 km in a 
WNW direction over an area of 35 km? and owes its origin to centripetal drainage, 
causing shallow groundwater to evaporate leaving saltine silty sabkhah. 
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Fig. 15.22 ‘Uruq al Mu’taridah in the north-eastern Rub‘ al Khali showing both the 
dune areas (white) and the extent of interdune perennially moist areas of sabkhah (black). 


Tertiary outcrops are in light grey. Scene width is 250 km. (Constructed from data in 
Hearn et al., 2003.) 
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15.3.8 Sabkhah areas near Buraydah 


An area of continental sabkhah is situated 30 km ESE of the town of Buraydah 
and forms a N-S elongated oval, 13 km long and up to 3 km wide, on the north- 
ern end of the Nafud as Sirr. It consists of saline silty clay with an approximate 
area of 25 km?. Three other small belts of sabkhah of similar nature occur 15 km 
to the east and south, totaling about 20 km? in area. Salt is produced locally from 
the Buraydah sabkhah brines. Gypsum also occurs in Quaternary surficial 
deposits around Buraydah, and 17 km SW of that city. 


15.3.9 Ba’qa sabkhah 


In the Jabal Shammar region near the village of Ba’qa (lat. 27° 53’ N; long. 42° 
24’ E), two patches of saline silty clay sabkhah occur in depressions near to 
Devonian outcrops. In total they both cover only 12 km?. 


15.3.10 Wadi as Sirhan sabkhah 


A sabkhah area known as Qa‘ Hazawza (lat. 30° 50’ N; long. 38° 10’ E) extends 
for nearly 40 km, in a NW-SE depression up to 13 km wide alongside the course 
of Wadi as Sirhan. It occupies an area of 341 km?, and contains saline silt and 
clay deposits surrounding a few small basalt outliers. 


15.3.11 Sabkhah areas of Iraq 


An elongated continental sabkhah, known as Sabkhat at Tawil, occurs just inside 
the Iraq border with Syria, north-east of Abu Kamal (lat. 34.75° N; long. 41.25° E). 
It lies in a depression extending in a NNE-SSW direction for 35 km, and is from 3 
to 4 km wide, covering an area of some 110 km?, with saline silt and clay. Minor 
widyan drain into it from all sides (Fig. 15.23). 

There are a further 40 areas of continental sabkhah in Iraq, mostly small and 
in the Western Desert Region south of the Euphrates River (Nahr al Frat). Some 
also occur in Al Jazirah Region, between the Euphrates and Tigris and the Syrian 
border. Almost all these sabkhah areas are due to saline accumulation in depres- 
sions with incomplete drainage. 


15.3.12 Syrian sabkhah areas 


There are many sibakh in the Syrian Desert due to enclosed drainage basins. Four 
sabkhah areas are large, including Sabkhat al Barghuth (Sabkhat ar Regasser) 
198 km? and the Rawdah Sabkhah, 188 km?, on the Syria/Iraq border, Sabkhat 
al Muh just south-east of Tadmur (Palmyra), and Sabkhat al Jabbul 30 km south- 
east of Halab (Aleppo). Sabkhat al Jabbul lies in a NNW-SSE trending basin, at an 
elevation of 311 m, and is some 35 km long and up to 12 km wide, covering 
an area of 291 km?. It contains highly gypsiferous clay beds with gypsum 
fragments, as well as massive gypsum beds. Sabkhah al Muh is up to 26 km wide 
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Fig. 15.23 Sabkhat at Tawil, in westernmost Iraq, seen in the upper right extending 
along the Syria/Iraq border. The black areas in the top and lower left are part of the 
Euphrates River plain. Image width is 38 km, centred at 34.6° N and 41.2° E. (U. S. 
Geological Survey Aster VNIR image ID: AST_LIB.003:2023499201). 


in an E-W direction and a maximum of 16 km from north to south, covering 
some 121 km?. It lies in a depression on the southern side of the Palmyra Ranges 
floored by salty marl deposits with a salt crust (Figs. 15 13 and 15.14). 

Sabkhat al Barghuth (35° N, 41° E), sometimes referred to as Sabkhah Albu 
Ghars, or Sabkhat ar Regasser, is a large sabkhah located just west of the 
Syria/Iraq border, and north of the Nahr al Frat. It lies in a N-S depression, 50 km 
long, and 11 km wide near its northern end, with an area of 198 km?. This 
sabkhah contains salty clay deposits, being in an arid region, and in a minor basin 
of internal drainage. Sabkhat al Buwarah (40 km?) lies just to the NNE, and strad- 
dles the Syria/Iraq border. Rawdah Sabkhah (Fig. 15.24) also lies in a depression, 
175 m in elevation near the Syria/Iraq border, which is the end point of drainage 
from Wadi Ajij. This continental sabkhah has an inverted triangular shape, with 
its apex towards the south, and is 15 km wide and 18 km long, covering an area of 
188 km?, and containing salty clay and silt deposits, as well as some marshland. 

According to the glossary of geographic names, there are 124 sabkhah areas 
in Syria. Apart from those mentioned above, most are small and lie in the arid 
eastern part of Syria, which is essentially part of the Syrian Desert. 


15.3.13 Sabkhah areas of Jordan 


In Jordan, sabkhah areas occur mainly in the north-east, bordering basalts of the 
Hauran, near Azraq, and to a lesser extent in the south-eastern interior of the 
country. Some of the larger ones include Khabarat Abd Al Husain (32.1° N; 
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Fig. 15.24 Location of sabkhah areas near the Syria/Iraq border. Map width is 120 km. 
(Constructed from data in Hearn et al., 2003). 


38.15° E), Sabkhat al Hazim (31.57° N; 37.23° E), Qi’an Ibn Al Ghazzi (31.91° 
N; 37.64° E), and Qi’an as Sibhi (31.89° N; 37.75° E), all of which lie near the 
southern border of the Hauran in north-eastern Jordan. Qa‘ al Umari (31.7° N; 
36.9° E) and Qa‘ al Hafira (31.6° N; 36.11° E) are located further south, the lat- 
ter being situated 20 km south-east of El Qatrana. 

Khabarat Abd Al Husain is a sabkhah 11 km long and up to 2 km wide located 
in a depression, elongated in a north-west direction, between Quaternary basalt 
flows. It consists of salty clay and silt covering about 14 km?. 

Sabkhat al Hazim, Qi’an Ibn Al Ghazzi, and Qi’an as Sibhi are all relatively 
small and aligned approximately NW-SE, being situated on the edge of the 
Hauran basalts near the Jordan/Syria border. Qa‘ al Umari occurs just north of a 
reentrant made by the Jordan /Saudi border. It is some 5 km long in al NW-SE 
direction, and up to 1.5 km wide, covering 6 km?, with a typical salty clay surface. 
Qa‘ al Hafira lies in a small enclosed drainage basin up to 5 km long and 4 km 
wide, and has an area of about 18 km?, with a typical salty clay and silt surface. 
Al Mudawarrah sabkhah is situated just inside the southernmost border of 
Jordan and is about 10 km? in area. Several similar sabkhah areas occur just 
south of the Jordan/Saudi border north-east of Halat Ammar (Fig. 15.2a). 
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15.3.14 Taba sabkhah 


This small continental sabkhah occurs in the Wadi Araba valley, south of the 
Dead Sea, and 32 km north of the head of the Gulf of Aqaba. It is located between 
two dunefields to the north and south-west, and is bordered by Precambrian base- 
ment rocks on the east. Its sediments are primarily saline sand, silt and brown 
clay. Halite precipitates in the centre of the sabkhah and gypsum in the outer 
zone according to Friedman (2003), who calls it the “Yotvata sabkha’. This 
sabkhah occupies an inverted triangle-shaped area of 55 km? (Abed, 1998). 


15.3.15 Ad Dafiya sabkhah 


Situated 8 km north of the head of the Gulf of Aqaba, Ad Dafiyya sabkhah 
(Fig. 15.25) occurs in a narrow depression from 0.5 to 2 km wide. It is small, 7 
km long from north to south, and has an area of approximately 10 km?, with 
saline sediments brought in by widyan, and contains saline sand, clay and silt. 
Sarti et al., (2003) refer to it as the Evrona Playa. 





Fig. 15.25 Ad Dafiya sabkhah in southern Wadi Araba (Arabah), seen here as a narrow 
white area running N-S on the middle left of the image. Image width is 20 km. (U. S. 
Geological Survey Aster VNIR image 003.2021537703 centred at 29.9° N and 35.0° E). 
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Coastal deserts of Arabia 


Coastal deserts of Arabia include areas of coastal alluvium, coastal sand dunes, 
coastal sabkhah, deltas and desert islands. 


16.1 COASTAL ALLUVIUM 


16.1.1 Tihamah alluvial plain and pediment 


The Tihamah is a term applied to the relatively narrow coastal plain of western 
Arabia, along the eastern side of the Red Sea, with an area of 33,426 km?. It is 
broadest in the south, in the Red Sea coast of Yemen and in the Asir coast, which 
together form the main part of the Tihamah, with an area of 27,647 km?. It also 
extends as far as Jiddah, but becomes a series of discontinuous coastal plains far- 
ther to the north-west, as far as Al Wajh. 

The Tihamat al Yemen (Fig. 6.15) is a largely alluvial plain of aggradation, 
extending to the north-west for some 370 km from the east side of the Bab al 
Mandab (Fig. 16.1), where it is mostly 20 km wide. It reaches its maximum width 
of 55 km near Al Lubbayah. This plain has been built out quite rapidly as shown 
by !4C dating of Neolithic coastal middens near Wadi Rima, 55 km SSE of Al 
Hudaydah. These middens have been dated as 8,084 to 8,480 years BP and are 
now >10 km inland (Tosi, 1986). 

The Tihamat al Yemen is quite wide, and typically developed near the port of Al 
Mukha (Mocha) (Fig. 16.2). 

Near Zabid, the birthplace of Algebra (Al Jabr), there are some low sand dunes, 
both linear and barchans. A number of salt diapir structures are found near the 
coast, as on the peninsula of Salif (Fig. 16.3), and on Kamaran Island, where oil 
seepage occurs. The Tihamat al Yemen covers an area of 16,347 km?. 

The Tihamat Asir extends north—west for 220 km to just beyond Al Lith, which 
marks the northern limit of monsoon influence, and is up to 40 km wide, as in 
the vicinity of Jizan. Its arid alluvial plains are interrupted by basalt outflows, 
with some cinder cones between 120 and 220 km north-west of Jizan. The 
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Fig. 16.1 The alluvial plain of the southern Tihamat al Yemen, with many braided 
widyan flowing down from the Yemen Highlands, near Bab al Mandab at the southern end 
of the Red Sea. Africa is in lower left corner, and Perim Island composed of volcanic rocks 
of the Aden Volcanic Series. Image width is 40 km centred at 12.8°N and 43.3°E. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 16.2 A view of the Tihamat al Yemen at Al Mukha (Mocha), Yemen. (Photo by H. 
S. Edgell). 
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Fig. 16.3 The wider Tihamat al Yemen near Kamaran Island and Salif, both being salt 
domes seen on left. The Yemen highlands are on the right. Width of the image is 80 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


centre of the old town of Jizan is situated on a large diapir of Miocene salt, form- 
ing a NW-SE trending hill up to 65 m high and 3.5 km long by 1.5 km wide. 
Piedmont and alluvial plain deposits cover extensive areas of this coastal plain. It 
is also intersected by numerous widyan filled with gravel and sand. Aeolian dunes 
cover parts of the Tihamat Asir, north—east of Al Lith and to the south of Wadi 
Iyar. Although there are discontinuous modern fringing reefs along the coastline 
of the Tihamat Asir, most of the coastline of the alluvial plain has 2-3 m elevated 
beaches, and small near-shore islands (Fig. 16.4). 

There are occasional low headlands, due to Plio-Pleistocene uplift as the Red 
Sea continued to open and a number of relict inlets, or shurum, occur as seen in 
Fig. 16.6 near the mouth of Wadi Baysh. The area covered by the Tihamat Asir is 
11,300 km? and is largely a gravel or colluvial plain (Fig. 16.5). 

The Tihamat Asir lies to the west of the Asir Plateau on the south-western 
coast of Saudi Arabia (Fig. 16.6). 

The Tihamat Hejaz is located to the immediate west of the Hejaz Plateau and is 
seen typically around Jiddah (Fig. 16.7). 

The Tihamat Hejaz forms a narrower coastal plain, with old Pleistocene reef ter- 
races, from just north of Al Lith almost to Umm Lajj, where Precambrian basement 
rocks reach the coast. It is 600 km long, and varies in width from 10 to 30 km, cov- 
ering approximately 5,752 km?. Farther north-west, only discontinuous areas of 
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Fig. 16.4 The Tihamat Asir coast on the Red Sea near Ash Shugaigq, with small offshore 
islands, western Saudi Arabia. (Photo by H. S. Edgell). 





Fig. 16.5 A view of the central Tihamat Asir plain with frequent Acacia in an almost 
African setting. (Photo by H. S. Edgell). 





Fig. 16.6 The Tihamat Asir near Jizan, with numerous large widyan flowing down to the 
Red Sea from the Asir Highlands. Farasan Islands (Jaza’ir Farasan), formed by Miocene salt 
plugs, are on the lower left. A typical Red Sea coastal inlet or sharm is seen behind Ra’s Tarfa, 
near the outlet of Wadi Baysh. Sabkhah areas north—west of Jizan appear dark. Image width is 
140 km; (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 16.7 The relatively narrow coastal plain near Jiddah on the Saudi Arabian Red Sea 
coast. Precambrian basement rocks form a horst block just east and north-east of the city. 
Sabkhah areas occur around Sulaymaniya Lagoon, near Dhahaban, inside the coast near 
the top left corner. Basalt flows form black areas in the top right. Image width is 80 km; 
(Image courtesy of Image Analysis Laboratory, NASA Johnson Space Center). 
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arid, coastal, Quaternary alluvial plain occur. This includes an area 150 km long, 
south-east of Al Wajh, which varies in width from several kilometres to 20 km, 
where it broadens around Yanbu al Bahr, and covers 1,100 km?. Terraces at 6, 
10, 22 and 31 m have been measured just north of Umm Lajj. The U/Th dating of 
the reef corals from the terraces reveals the presence of three reef cycles represent- 
ing high stands of sea level during the Pleistocene. The youngest reef terrace is dated 
as 118-86 ka BP, while the middle terrace is around 205 ka BP, and the oldest reef 
terrace is from 340 to 290 ka BP (Dullo, 1990). In addition, a Mid Holocene fossil 
shoreline, dated as 4,200 + 300 years BP, is found near Umm Lajj, as well as in the 
southern tip of Sinai. Similar terraces occur along the Red Sea coast and Gulf of 
Aqaba. At 27° N latitude a Quaternary alluvial plain of the Hal Depression reaches 
the coast. This tectonic depression runs NE inland for 70 km and averages 8 km 
wide, covering 480 km2. At the far north of the Red Sea coast, a small strip of coastal 
plain, 14 km long and about 1 km wide, occurs in the bay west of Ra’s al Qasbah. 


16.2 COASTAL SAND DUNES 


16.2.1 Sahil al Jazir 


The Sahil al Jazir is an area of flat sandy terrain, with coastal sand dunes fronting 
onto Sawgirah Bay, south-eastern Oman, extending 200 km from Ra’s Madrakah to 
Ra’s Sawgirah, and from 5 to 15 km wide (Fig. 16.8). It is an arid area of 8,389 km?, 
except for Khawr Dhirif, where there is a 100 hectare landlocked freshwater lagoon. 


16.2.2 Sahil Jinawt 


A coastal sand dune desert occurs in southern Oman (eastern Dhofar) to the west 
of Shuwaymiyah, extending along the coast for 6 km, but is only 7 km deep. It 
occupies some 40 km? and contains barchan dunes (Fig. 8.17). 


16.2.3 South—eastern Qatar dunefield 


A relatively small coastal dunefield, with mainly barchan type dunes, occurs in 
the south-east of Qatar (Fig. 8.20). It covers about 130 km? and consists of 
quartz sand from some 12,000 years ago, which has been swept clear from the 
rest of the Qatar Peninsula by the north—westerly Shamal winds, having pro- 
graded nearby sabkhah, and is now being blown into a corner of the Persian Gulf 
near Umm Said (Shinn, 1973). 


16.3 COASTAL EVAPORITE DESERTS (SIBAKH) 
OF ARABIA 


Sabkhah type desert is more common along the coasts of Arabia than in any 
other part of the world, due to the extreme aridity, high rates of evaporation, 
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Fig. 16.8 The sandy coastal plain of Sahil al Jazir, in south-eastern Oman, bordering 
the Arabian Sea. Small coastal inlets can be seen including Khawr Dhirif near top right. 
Wadi ‘Aynina and Ha Rikat in the south, and Wadi Watif farther north, have large alluvial 
fans on the southern plain, as well as Wadi Ghadunbut in the north. Low N-S dunes occur 
just left of centre. Width of the image is 40 km centred at 18.4° N and 56.7° E. (NASA 
Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


presence of shallow saline groundwater, numerous saline formations, and the 
existence of adjacent water bodies with highly saline waters, such as the Persian 
Gulf, Kuwait Bay, Gulf of Bahrain, Gulf of Salwah, Red Sea, Gulf of Suez and Gulf 
of Aqaba. 

In strict usage, the Arabic word sabkhah refers only to an area of salt flats 
encountered in coastal areas. The total area of coastal sibakh around the coasts 
of Arabia is at least 12,600 km?, although this is probably an underestimate, as 
many small areas of sabkhah occur at the head of inlets, or akhwar. Five main 
types of coastal sabkhah can be recognised, namely: (1) sandy silty sabkhah with 
minor evaporites, (2) argillaceous sabkhah with gypsum nodules, (3) gypsiferous 
sabkhah, (4) dolomitic sabkhah and (5) halitic sabkhah (Edgell, 1992b). Holm 
(1960) divided Arabian sabkhah into two types, namely: (1) arenaceous or sand- 
filled and (2) argillaceous or clay-filled. 

Most areas of coastal sabkhah are basically supra-tidal flats, acting as deflation 
surfaces, controlled by the shallow groundwater table and its associated capillary 
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fringe, together with soil moisture diffusion. The high surface evaporation from 
most coastal sabkhah is replaced through either landward flow of seawater into 
the water table beneath them, and/or by seaward flow of saline continental 
groundwater from the interior of Arabia. Wood et al., (2002) have shown that 
ascending continental brines are the main source of solutes in the extensive 
sabkhah system of Abu Dhabi. 

Pore waters of sabkhah sediments become still more concentrated inland from 
sub-tidal embayments. An abrupt change in the Mg‘'/Ca* ratio of pore fluids 
occurs away from the coastline, causing precipitation of gypsum and anhydrite 
near the groundwater table often forming a mat of gypsum crystals (Fig. 16.9). 

In many cases the gypsum mat is not seen, but mixed gypsum and sand crys- 
tal develop to form desert roses (Fig. 16.10). 

As precipitation of calcium sulphate continues, these originally horizontal lay- 
ers undergo intense deformation, causing secondary structures, such as 
enterolithic folding (Fig. 16.11), pressure ridges, and secondary textures, such as 
‘chicken-wire’ anhydrite (Fig. 16.12). 

Primary dolomitisation is locally important in sabkhah environments and 
inter-tidal embayments, although restricted in area. Dolomite is also produced by 
reaction between concentrated brines and sediments. It forms as fine-grained 
dolomite, when the ratio of Mg**:Ca** reaches 10:1 (Bush, 1973). Halite forms in 
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Fig. 16.9 Amat of gypsum crystals formed near the groundwater table in sabkhah near 
Abgqaiq, north-eastern Saudi Arabia. (Photo by H. S. Edgell). 





Fig. 16.10 ‘Desert roses’ formed near the shallow groundwater table, between 0.5 and 
1 m from the surface, in the sabkhah west of Abqaiq, Saudi Arabia. They consist mainly of 
aggregates of gypsum crystals incorporating aeolian sand grains. (Photo by H. S. Edgell). 





Fig. 16.11 The development of enterolithic folding seen in the lower layers of the white gyp- 
sum beds in a dug pit in Sabkhat ar Riyas, north-eastern Saudi Arabia. Dark grey layers are 
clay. (Photo by H. S. Edgell.) 
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Fig. 16.12 ‘Chicken-wire’ anhydrite seen in a core of sabkhah anhydrite from the Late 
Jurassic Hith Anhydrite, Eastern Province, Saudi Arabia. (Photo by H. S. Edgell). 


sabkhah, where excessive evaporation in coastal lagoons leads to highly saline 
conditions, or where very saline brines of terrestrial origin meet calcium sul- 
phate-rich marine-derived brines. The horizontal and vertical extents of coastal 
sabkhah areas are highly variable. Shoreline positions, past and present affect 
their horizontal extent, while vertical variation reflects the depositional sequence 
and subsequent diagenesis (Akili and Torrance, 1981). From the coast inland for 50 
km, between Al Khursaniyah and As Safaniyah, on the north-eastern coast of 
Saudi Arabia, many narrow sabkhah are controlled by an NNE fracture system in 
the Hofuf Formation. 


16.3.1 Coastal United Arab Emirates sibakh 


A number of well-developed sabkhah deposits border the coast of eastern Abu 
Dhabi, Ajman, Dubai, Umm al Qawain and Ra’s al Khaimah. They extend inland 
up to 24 km, but are generally within 10 km or less from the UAE coast 
(Fig. 16.13). 

The formation of these sabkhah deposits was initiated during the Flandrian 
transgression of a little over +1 m between 7,000 and 4,000 years ago (Bush, 
1973; Evans and Kirkham, 2002). The total area of these sabkhah deposits is 
about 2,454 km?. Inter-tidal zones up to 2 km wide occur along many of the 
Emirates sabkhah areas, although many of the headlands consist of oolitic sand, 
as in Ra’s Sadiyat, while the headland with Abu Dhabi City rests entirely on 
sabkhah. (Fig. 16.14). 


16.3.2 Qatar sabkhah areas 


On the south-eastern coast of Qatar, there is a large coastal sabkhah (Fig. 8.20) 
in the Khawr al ’Udayd inlet, especially on the northern side, with an area of 725 
km, including another sabkhah area extending from near Umm Said southward 
for 30 km and about 10 km wide. A sabkhah, some 18 km long and up to 7 km 





Fig. 16.13 Distribution of sabkhah areas in the United Arab Emirates shown as dark 
grey (Qsb), Tertiary outcrops (T) as medium grey, Quaternary alluvial deposits and coastal 
accretion deposits as a slightly lighter grey (Qal) and aeolian sands as white (Qe). Map 
width is 320 km. (Constructed from data in Hearn et al., 2003.) 





Fig. 16.14 Sabkhah areas of coastal Abu Dhabi. White coastal areas are oolitic sands; 
sabkhah is light grey. Aeolian sands are darker grey with some outcrops of ‘Lower Fars.’ 


Image width is 70 km. (Image courtesy of Image Analysis Laboratory, NASA Johnson 
Space Center). 
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wide, occurs inland from Dukhan on the west of Qatar, covering 72 km. Other 
small sabkhah areas occur in north—western Qatar, near Az Zubarah and Ra’s 
Umm Heish, and in north-eastern coastal Qatar near Fuweirat and around Al 
Khor. The sibakh of Qatar have an approximate total area of 800 km2. 


16.3.3 Bahrain sibakh 


Two major areas of sabkhah occur on Bahrain Island (Fig. 16.37). The larger one 
lies in the south-west of Bahrain to the south of Az Zallaq with an area of 60 km? 
and is referred to as the ‘South-west Sabkha’ by Doornkamp et al., (1980). It 
extends south to include the salina or sabkhah, of Mamlahat al Mumattalah. 
Another sabkhah area occupies 30 km? forming an inverted triangle-shaped area 
in southern Bahrain with its apex at Ra’s al Barr, and is known as the ‘Southern 
Sabkha’ (Doornkamp et al., (1980). The total area covered by sabkhah in Bahrain 
does not exceed 100 km?. 


16.3.4 Sabkhah as Sikuk 


At the southern end of the Gulf of Salwah (Dawhat as Salwah), there is a 
sabkhah area of 169 km?, extending inland for over 20 km and up to 15 km wide, 
known as Sabkhah as Sikuk (Fig. 14.8). 


16.3.5 Qurayyah sabkhah 


Well-developed sabkhah areas occur NW of Al ‘Ugayr in the Qurayyah area 
(Fig. 16.15), and salt deposits are as thick as 4 m, some 10 km NNW of Al ‘Ugayr, 
where they are mined for salt (Fig.16.16). Mined sabkhah deposits of this type are 
referred to in Arabic as mamlahah. The area of the Al ‘Uqayr sabkhah, which 
extends NNW to Dawhat Zalum and Ra’s Abu Jraydit, is 198 km? and is bordered 
in ‘Uqayr Bay by growing stromatolites, as is often seen in other Arabian sabkhah 
areas (Fig. 16.17). 


16.3.6 Sabkaht ar Riyas 


This sabkhah lies about 20 km west of Ra’s Tannurah town, and is 15 km wide 
and extends southward for 27 km, covering 240 km? (Fig. 16.18). 

It consists mostly of silty to clayey sediment at the surface, with some salt crust 
and gypsum in the sediment at shallow depths. This sabkhah has an almost level 
surface, and levelling along a 7 km line showed a maximum relief of 1.4 m, with 
mostly local variations of only a few centimetres. The water table lies at a depth of 
1 m, and dug pits show a puffy white surface crust, which forms typical polygons 
with raised edges (Fig. 16.19). Part of Sabkhat ar Riyas is appropriately known as 
Sabkhat al Milh (literally the sabkhah of salt), and a salt bed 8 m thick with 95% 
NaCl underlies 1.5 m of saline, silty and surficial sediments. This salt is mined and 
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Fig. 16.15 | Qurayyah sabkhah looking NE from sand dunes with clumpy dikakah to the 
dark grey clayey sabkhah (or white, where it is salty). The waters of the Persian Gulf 
appear as a dark line on the horizon. (Photo by H. S. Edgell). 











Fig. 16.16 The 4 m thick salt deposits of Qurayyah sabkhah, north of Al ‘Uqayr, are 
seen here being mined. (Photo by H. S. Edgell). 
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Fig. 16.17 Modern stromatolites on the seaward side of Sabkhat al ‘Uqayr in Al ‘Uqayr 
Bay, north-eastern Saudi Arabia. (Photo by H. S. Edgell). 





Fig. 16.18 Sabkhat ar Riyas, in north-eastern Saudi Arabia, seen here as a large light 
grey patch. Part of the town of Safwa is seen to the south-east. Image width is 12 km. 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 16.19 Sabkhah ar Riyas, with a typical clayey surface, where puffy white salt crusts 
form extensive polygons. (Photo by H. S. Edgell). 


processed nearby (Collenette and Grainger, 1994). Accumulation of 8 m of salt 
implies an original NW-SE depression west of the Qatif high, and continued hyper- 
arid sabkhah conditions, probably since Mid Holocene. 

Below this encrusted surface, there is 25 cm of brown sandy clay, with gypsum 
crystals and halite, underlain by a 5 cm layer of anhydrite, and then 50 cm of 
brown sand with gypsum crystals, then medium sand for almost 20 cm, followed 
downwards by an anhydrite layer above just the water table, with light brown sil- 
ica sands below (Akili, 1981). A narrow, 2-3 km wide, NNW arm of Sabkhat ar 
Riyas, known in part as Sabkhah as Summ, extends for over 20 km to the city of 
Al Jubayl (Fig. 16.20). 


16.3.7 Sabkhat ad Dabbiyah 


Located to the west of the Qatif structural high and the Dammam Dome, and to 
the south of Sabkhat ar Riyas, this sabkhah is up to 12 km wide, and runs south 
for 20-30 km ending in Al Ghubayya’ area. It has an area of 200 km?, and is con- 
sidered a southward extension of the Sabkhat ar Riyas system, with numerous 
barchans, and some small parabolic dunes on its surface (Fig. 7.32). 


16.3.8 Sabkhat al Fasl 


Sabkhat al Fasl extends inland from the embayment of Dawhat ad Dafi for 25 km 
in a SSE direction, tapering inland from a coastal width of 10 km, and covering 
130 km?. It can be seen west of Al Jubayl (Fig. 16.20), and largely consists of clay 
and sand with gypsum. 
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Fig. 16.20 Sabkhat al Fasl, seen here south-east of Al Jubayl, on the north-eastern 
coast of Saudi Arabia. The islands of Abu Ali and Al Batinah also mostly consist of 
sabkhah. An eastern part of Sabkhat al Murayr just appears in the upper left, and Sabkhah 
as Summ, a northern part of Sabkhat ar Riyas, is seen in the lower right. Image width is 
50 km. (Image STSO878_STSO878-78-7 courtesy of Image Analysis Laboratory, NASA 
Johnson Space Center). 


16.3.9 Sabkhat al Murayr 


Extending south from Al Khursaniyah for 22 km, Sabkhat al Murayr is roughly 
pear-shaped in plain, with a maximum width of 50 km, and an area of 
120 km?. Its sediments consist of gypsiferous sand in the upper layers, underlain by 
clays with cyanobacteria, and then white carbonate mud (Barth, 2002b). 
Radiocarbon dates of the cyanobacteria at Dawhat ad Dafi showed that they are 700 
years old, indicating that the inter-tidal zone in which they formed has shifted sea- 
ward at 3 m/yr (Barth, 2001b), while inland sabkhah areas had grown south- 
easterly by up to 5.4 m/yr, where degraded (Barth, 2000). A small sabkhah, some 
5 km west of Sabkhat al Murayr, called Sabkhat al Haydaruk is described as an 
inland sabkhah by Barth (1999, 2002b), but is considered here as part of the coastal 
sabkhah systems, as sea level is known to have been up to 3 m higher in the 
Holocene, between 3,700 and 6,000 years BP (McClure and Vita-Finzi, 1982). 
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16.3.10 Safaniyah-Manifa sabkhah areas 


A series of at least 14 sibakh occur along the north-eastern coast of Saudi Arabia 
between Safaniyah and Manifa. They all trend NNE, and are up to 20 km long and 
only 1-2 km wide, being quite regularly spaced 2-3 km apart (Fig. 16.34). These 
sabkhah areas total over 100 km? and are considered to have developed in depres- 
sions along an NNE joint system in the Lower Miocene Hadrukh Formation. This 
so-called Arabian Trend is one of the dominant structural trends in Arabia (Edgell, 
1987b, 1992c, 1993b). There is also a sabkhah on Ra’s az Zawr with an area of 
55 km?. 


16.3.11 South Kuwait sibakh 


There are scattered areas of coastal sabkhah just inland from Ra’s al Khafji and 
Mina Saud, covering 638 km?, which were mapped by Fuchs et al., (1968) as 
‘beach marsh.’ They comprise small evaporitic pans within a sand sheet/gravel 
plain terrain, and are mostly in patches in southern Kuwait, near the 
Saudi/Kuwait border. The top 30 cm consists of hard gypsum layers, often under- 
lain by laminated calcite micrite, indicating that ephemeral lakes may have been 
present in the Pléistocene. These sabkhah areas, each 0.8-1.5 km long and 
0.2-0.8 km wide, are aided in growth by the salt-tolerant plant Nitraria, but 
when the groundwater table rises this plant dies off and sandy nabkha’ (nabkhah) 
deposits begin to bury the sabkhah (Gunatilaka and Mwango, 1987). 


16.3.12 North Kuwait sibakh 


On the north side of Kuwait Bay there is also a limited area of sabkhah, extend- 
ing from Al Zahra eastward to just south of Al Basrah, including the Al 
Melhamah, Al Butaneh, Al Mahraqah, and Al Bahrah areas, with an area of 113 
km? (Fig. 16.21). 

This sabkhah consists of clay, silt and intercalated aeolian sands, covered by a 
gypsum and salt crust, with an admixture of detrital carbonate grains shifted 
there from the Shatt al Arab delta by the counter-clockwise current in the Persian 
Gulf. Its coastal fringe is considered a wind tidal flat, caused by the coincidence of 
high tides with SE winds (Saleh et al., 1999). There is also a small sabkhah at the 
head of Sulaibikhat Bay, immediately west of Kuwait City. The southern margins 
of Bubiyan Island are also sabkhah, although most of that island is composed of 
estuarine silt. 


16.3.13 Sabkhah in Oman 


Most of the coastline of Oman is emergent, but a belt of low, salt encrusted 
sabkhah, from 2 to 3 km wide extends SSW from Khawr Barr al Hikman for 50 
km on the Oman coast opposite Masirah Island, with an area of 120 km?, and is 
especially evident in the Barr al Hikman area (Fig. 16.22 and 16.23). 
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Fig. 16.21 Sabkhah areas north of Kuwait Bay and south of the Jal az Zor escarpment, 
seen here as dark areas. The large crescentic area is Al Bahrah sabkhah. The pointed dark 
area is the sabkhah of Qasr al Sabiyah, and the sabkhah of the south end of Bubiyan 
Island appear in the top right corner. Width of the image is 57 km. (Image from the 1997 
Calendar of the Kuwait Foundation for the Advancement of Sciences.) 





Fig. 16.22 The sabkhah of Barr al Hikman in eastern Oman with a typical white salty 
surface. 
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Fig. 16.23 Barr al Hikman sabkhah, forming a black strip along the east side of the low 
peninsula of Ra’s al Hikman in eastern Oman west of Masirah Island. Image width is 95 
km. (Constructed from data in Hearn et al., 2003). 


16.3.14 Sabkhah areas in Yemen 


Along the coast of Yemen bordering the Gulf of Aden, there is a small occurrence 
at Sabkhat al Maknug 45 km west of Aden. Sabkhah also occurs in Khawr 
Ghalifiqah some 30 km south of Al Hudaydah. Both occurrences form a total 
area of 10 km. Other parts of the Yemen coast along the Red Sea also contain 
sabkhah areas, as seen south of Al Mukha new port. 


16.3.15 ‘Gavish’ or Nagb sabkhah, eastern Sinai 


A very small, circular sabkhah, with a diameter of just over 400 m, occurs on the 
eastern side of the Sinai Peninsula near the entrance to the Gulf of Aqaba, and just 
south of the town of Naqb. It has been described in detail as the ‘Gavish Sabkha’ by 
Gavish et al., (1985). It is only separated from the sea by a 200 m wide barrier of 
beach sand, so that no direct inundation from the sea is possible, except in rare storm 
floods, and a large part of the sabkhah lies at or just below sea level. Also, mean 
annual rainfall is just 10 mm, so that inflow of meteoric water from the land is min- 
imal, and evaporation of ~4,000 mm/year causes evaporative pumping. This small 
sabkhah is being recharged by seepage from the Gulf of Aqaba through subsurface 
conduits. One metre of gypsum has accumulated in this sabkhah since it formed 
2,000 years ago, often showing polygonal microbial mats and white halite crust. 
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16.3.16 Ra’s Muhammad sabkhah, south Sinai 


Another small pool of sabkhah, 250 m long and 150 m wide, occurs within fringing 
coral reefs just west of Ra’s Muhammad, the southernmost point of the Sinai 
Peninsula. The pool is shallow (50 cm) and paved with microbial mats, which become 
desiccated, so that gypsum and halite precipitation occur (Friedman et al., 1985). 


16.3.17 Sabkhat al Bardawil 


On the northern coast of the Sinai Peninsula, there is a large oligotrophic, saline 
lake, some 55 km long, known as Sabkhat al Bardawil, which is partly separated 
from the Mediterranean Sea by the very long narrow spit of Bardawil Peninsula. 
It occupies an area of 59,500 hectares, has a high salinity of 70% and is a pro- 
tected area for migratory birds (Az Zaraneeq and Sabkhat al Bardaweel Reserve). 
True sabkhah, including saline mudflats and hyper-saline lagoons, occurs mainly 
along about 25 km of its southern and south-eastern edges as incursions into 
partly drowned interdunes of the northern Sinai Desert (Fig. 16.24). 


16.3.18 Saudi Red Sea coastal sibakh 


Several areas of sabkhah occur along the long Red Sea coastline of Saudi Arabia. 

Around Jizan, sabkhah extends for 74 km north of the town and for over 50 km 
south comprising an area of over 300 km? (Fig. 16.6). There is also a small 
sabkhah area on the coast south of Jiddah, extending almost to Ra’s al Aswad, 
and covering an area of some 15 km?. Even coastal parts of Jiddah itself lie on 
sabkhah soils. Another coastal sabkhah occurs about 45 km north of Jiddah 
near Dhahban (Fig. 16.7). This is known as the Dhahban Sabkhah, and extends 
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Fig. 16.24 Sabkhat al Bardawil, on the northern Sinai coast, almost separated from the 
Mediterranean Sea by a narrow spit, and bordered on the south by numerous seif dunes of 
the Sinai Desert. Image width is 55 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 
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for some 50 km NNW of Sharm Abhur (Obhur Creek), consisting of a salt 
encrusted plain, with areas of algal mat around the saline Sulaymaniya Lagoon 
(Bahafzullah et al., 1993). Further north, near Umm Lajj, there are several 
patches of sabkhah, including three small areas 10-15 km south of Umm Lajj, 
called Al Majnomah Sabkhah, and a larger area 10-20 km north, making a total 
area of about 40 km?. On the far north-west of the Saudi Arabian Red Sea coast, 
just before Ra’s al Qasbah, there is a small sabkhah area covering 2 km? at the 
head of an embayment. In total, there is at least 370 km? of sabkhah deposits in 
various areas along the Red Sea coast of Saudi Arabia. 


16.4. DESERT DELTAS 


There are a number of deltas in Arabia, which occur in such arid regions that 
they must be classed as deserts, even though the Shatt al Arab delta is traversed 
by large rivers, albeit salty in their lower tracts. 


16.4.1 Shatt al Arab delta 


Rivers, such as the Euphrates, Tigris and Karun, carry considerable sediment into 
the head of the Persian Gulf and have built up the very large Shatt al Arab delta 
(Figs. 10.1a, 10.1b and 16.25). This delta lies in a very hot and dry region, so that 
the entire delta is an arid desert covering an area of almost 11,415 km/?, and 
situated in a tectonic depression at the head of the Persian Gulf. It extends for 
160 km south-east from Al Qurnah, at the confluence of the Tigris (Nahr al Dijlah) 
and Euphrates (Nahr al Frat), to Al Faw at the head of the Persian Gulf, and is 180 
km wide. The Karun River, which rises in the Zagros Mountains, contributes the 
major amounts of sediment, more than five times that of the Iraqi rivers, and has a 
much greater water flow than the Euphrates and Tigris combined. Another chan- 
nel passes from Khoramshahr, so that Abadan lies on a large delta island. Coastal 
areas of the delta are tidal flats, due to a semi-diurnal tide range up to 2.5 m. 
Sabkhah, with a saline crust, forms around coastal fringes of the delta. 

Although average annual rainfall in the Shatt al Arab is 149 mm at Basrah, 
evaporation is very high, of the order of 4,000 mm annually, and the Shatt al Arab 
channel is salty for much of its length. The Hawr al Hammar marshes lie at the 
inner edge of the delta, about 40 km south-east of Al Qurnah, but both it and the 
extensive Hawizeh marshes between Basrah, An Nasariyah and Al Kut, once 
home of the Marsh Arabs (Thesiger, 1964), were drained on the orders of Saddam 
Hussein. They are now a barren salt encrusted waste, although they were once 
one of the most important wetlands in SW Asia (Figs. 15.15 and 15.16). 


16.4.2 Ad Dibdibba delta 


At the north-eastern end of Wadi al Batin, a great triangular gravel plain has 
been formed as an old delta (Fig. 14.10), which covers much of Kuwait and 
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Fig. 16.25 The Shatt al Arab delta extending SE from Al Qurnah. where the Tigris and 
Euphrates join. The extent of deltaic deposits on the Iranian side is usually under-esti- 
mated. The Hawr al Hammar (the black area above the word Iraq) has now been mostly 
drained. Image width is 150 km. (NASA Landsat image ca. 1980). 


extends into Iraq, where it has pushed the course of the Euphrates northward at 
Hawr al Hammar. This delta is now dry, having formed mainly in Quaternary wet- 
ter climatic phases, and is said to be a vast sheet gravel blanket of no great thick- 
ness with a gradient of 1.2 m per km. (Powers et al., 1966). It is 190 km wide and 
130 km long from NE-SW and covers 26,289 km?. Powers et al., (1966) state that 
the Dibdibba gravel veneer is only one pebble thick, but observations in Kuwait 
show at least 5 m of Dibdibba gravel deposits, while wells in southern Iraq show a 
thickness of 300 m (Al-Rawi and Sadik, 1981), and in the northernmost wells of 
Zubair oilfield the Dibdibba Formation reaches 354 m (Van Bellen, 1959), where 
it comprises the Dibdibba Formation, originally called the Dibdibba Beds by 
Macfadyen (1938). Holm (1960) states that the Dibdibba alluvial fan is a true 
delta, as it was formed during Pleistocene pluvial phases when the Wadi ar 
Rimah—Wadi al Batin was a river flowing to the northern Persian Gulf, which then 
extended much further inland. The ancient city of Ur in southern Iraq was once a 
seaport, and the head of the Persian Gulf extended 260 km further inland than at 
present (Larsen and Evans, 1978). Surface features of Kuwait are interpreted as 
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remnants of a part of the fan-delta system of Wadi ar Rimah—Wadi al Batin (i.e., 
Dibdibba Delta) during Pleistocene ‘pluvials’ (El-Baz and Al-Sarawi, 1996). 


16.4.3 Wadi ad Dawasir ‘delta’ 


Although really not a delta, but rather an extensive alluvial fan, Wadi ad Dawasir 
forms wide alluvial deposits 100 km long east-west, and 10-15 km wide, after the 
wadi exits from the Jabal Tuwayq escarpment (Fig. 6.2) into the south—western 
Rub‘ al Khali, north of the sand dunes of ‘Uruq al Majan. This large, alluvial fan 
and outwash deposits cover over 1,000 km2. Similar large alluvial fan deposits are 
seen where Wadi Najran exits into the Rub‘ al Khali Basin. 


16.4.4 Wadi as Sahba’ delta 


Wadi as Sahba’ had a great delta-shaped series of Pleistocene gravel deposits, 
which spread out eastward from Al Manakhir, just east of the Central Arabian 
Graben (Mugharah Graben). Several channels once turned north- east to join the 
southern end of the Gulf of Salwah, but the main channel extended eastward, 
exiting into Dawhat Sumaira (Fig. 14.8). Gravel accumulations towards the end of 
Wadi as Sahba’ constitute a delta as Holm (1961) considered, although the main 
channel later exited to the Persian Gulf in the embayment of Dawhat al Sumaira. 
It has been mapped as a delta in the UAE National Atlas (Embabi et al., 1993). 


16.5 COASTAL INLETS OF ARABIA 


Many coastal inlets occur along the desert coastline of Arabia, and are known as 
khawr (pl. akhwar) or sharm (pl. shurum). These coastal inlets are distinctive of 
arid coastlines and lack the river inflow of temperate climates. 


16.5.1 Barred inlets 


Coastal inlets may have a bar separating them from the sea, as seen at Khawr Ruri 
(Khor Rori), in southern Oman, 34 km east created by Salalah (Fig. 16.26). 
Khawr Mugsayl (Masilah) is another coastal lagoon in southern Oman, some 
30 km WSW of Salalah, separated from the sea by a sand bar, and is another 
example of a wave dominated inlet, since the winds and waves of the South-West 
Monsoon have created the closing sand bar. Both Khawr Ruri and Khawr 
Mugsayl have originated where large widyan enter the Arabian Sea, such as 
where Wadi Darbat enters Khawr Ruri after crossing the coastal plain, and where 
Wadi Mudam enters Khawr Mugsay] after cutting through the chalky limestones of 
the Oligo-Miocene Mugsay] Formation. Occasional floods clear the sand bar at Khawr 
Mugsayl, although the bar reforms in a few days. The high energy waves of the 
South-West Monsoon also remove the beach sands created by the bar, especially at 
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Fig. 16.26 Khawr Ruri in coastal Dhofar, southern Oman, site of the ancient frankin- 
cense port and city of Sumhuram of 2,000 years ago. A barrier bar has now shut off this 
khawr, forming an enclosed lagoon. Note the lasting effect of vehicle tracks on the thin, 
grey, encrusted, biogenic, desert surface. (Photo by H. S. Edgell). 


high tides, leading to short-term higher salinities (Victor et al., 1997). 
Intermittent connection with the sea is shown by the presence of numerous 
stingrays in the shallow lagoon of Khawr Mugsayl. 


16.5.2 Inlets with partial barriers 


Many inlets on the arid coasts of Arabia have only a partial baymouth barrier, 
usually in the form of a sand spit, and occasionally caused by a reef barrier. Inlets 
of this type, commonly known as sharm, are common along the Red Sea coast of 
Saudi Arabia and Yemen. The predominant northerly winds cause sand spits to 
build up on the northern side of some inlets, such as Sharm Rabigh (near Rabigh, 
Fig. 16.27), Sharm Bureika (near Rayyis) and Khawr Abu as Saba (near Wadi 
Baysh outlet, Fig. 16.6). 

There are also a number of inlets with partial barriers, usually sand spits, 
along the southern coast of the Persian Gulf. These include Tarut Bay pro- 
tected by the 8 km long sand spit of Ra’s Tannurah, Al ‘Uqayr harbour pro- 
tected by a sand spit up to 16 km long ending in Ra’s Sayyah, Khawr al ’Udayd 
almost closed from the north by the sand and sabkhah spit of Niqyan Qatar, 
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Fig. 16.27 Sharm Rabigh, an inlet with a partial barrier or sand spit, on the Red 
Sea coast of Saudi Arabia. Image width is 10 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 


Khawr al Khaimah partly enclosed by a 5.36 km sand spit, containing Ra’s al 
Khaimah City, and the 7.6 km long sand spit of Julfah to the north-east. 
Considerable reclamation work has changed the shape of Khawr al Khaimah, 
and it has been artificially filled in both to the north and south south-east, 
while the original sand spit on which the city of Ra’s al Khaimah is situated 
has been widened, especially in the south-west. The long, narrow spit of Julfah 
to north has also been modified (Goudie et al., 2000). To the west of Khawr al 
Khaimah, the prominent alluvial fan, where Wadi al Bih emerges from the 
Oman Mountains (Al Hajar) seems to be relatively stable, and the main threat 
of inundation comes from the large Wadi al Tawyen joining Khawr al Khaimah 
from the south (Fig. 16.28). 


16.5.3 Tidal inlets 


Numerous inlets, or akhwar, occurring along the low lying northern coast of the 
UAE, and especially Abu Dhabi, are primarily tidal inlets. El-Baz (2000) stated 
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Fig. 16.28 Khawr al Khaimah in the north-eastern UAE, showing the large sand spit 
barrier on which the city of Ra’s al Khaimah is located; the spit of Julfah to the north-east, 
the large alluvial fan where Wadi Bih emerges from the Oman Mountains, and a large wadi 
causing local inundation entering from the south. Image width is 12 km. (NASA Landsat 
7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


that many originated as the outlets of old widyan, while Kirkham (1998) and 
Edgell (2000) have pointed out that old cemented dunes have played a role in 
determining the position of these inlets and the intervening promontories (Fig. 
4.15). The tidal effects in these inlets have been studied in relation to sabkhah 
(Purser and Evans, 1973), as an example of a prograding shoreline, where 
lagoons have developed behind barrier islands, which grew landward by accre- 
tion due to Shamal winds. In Abu Dhabi, south-west of Ra’s Hanjurah, there is a 
succession of tidal inlets for 87 km, with intervening narrow sand strips and bar- 
rier islands (Fig. 16.14 and 16.29). The major tidal inlets in this coastal area, 
from north-east to south-west are Khawr Faridah, Khawr as Sa’diyat, Khawr 
Baghl, Khawr al Batin (just west of the city of Abu Dhabi), Khawr Qirgishan, 
Khawr Abu Karwa and Khawr Qantur. Promontories, or ru’us, between the tidal 
inlets consist of Holocene sabkhah, and oolitic beach sand on their seaward ends. 
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Fig. 16.29a Tidal inlets of the eastern Abu Dhabi coast. The city of Abu Dhabi lies on 
the long promontory in the upper centre of the image. Width of the image is 60 km; 
(NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


Small submarine ‘deltas’ of oolitic sand have formed at the seaward ends of the 
tidal channels, while coral reefs have formed off the low headlands. Shalil al ‘Ud, 
some 10 km south—west of Abu Dhabi is an example of a fast flowing, primary 
tidal channel, over 5 m deep, with a broad oolitic tidal delta protruding 4 km into 
the Persian Gulf and spread laterally by longshore drift for 11 km. 

Many other inlets along the northern coast of the UAE are also tidal, such as 
Khawr Dubai, Khawr ash Sharjah, Khawr Ajman and Khawr Umm al Quwain. 
Image analysis has shown that each inlet is associated with an old wadi system, 
now partly sand covered (Edgell, 2000). 


16.5.4 Drowned valley inlets 


The inlets of Ra’s al Musandam (Musandam Peninsula) provide classic examples 
of inlets formed by drowned valleys (Fig. 16.30). This peninsula is subsiding at a 
rate of 6 mm/year, and has subsided 60 m in the last 10,000 years. Most of the 
initial drainage features were formed in the Pliocene, and subsidence since then 
amounts to 250 m (Vita-Finzi, 1973). The effects of subsidence have been accen- 
tuated by down-cutting to the LGM base level of -120 m. Khawr Khasaibi (Khawr 
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Fig. 16.29b A geological map of the eastern Abu Dhabi coastal area showing the wide 
distribution of sabkhah, and oolite ‘deltas’ formed at the tidal outlets (After Patterson, R., 
and Kinsman, D. J. J. 1981. AAPG Bulletin 66(10):1457-1475, Fig. 2 AAPG © 1981. 
Reprinted by permission of the AAPG, whose permission is required for further use). 
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Fig. 16.30 Drowned valley inlets of the Musandam Peninsula in northern Oman. 
Khawr Khasaibi (Khawr ash Shamm) is in the centre winding to the west, and Khawr 
Habalayn is below it, separated by the narrow, 250 m wide Al Maksar isthmus. Image width 
is 36 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


ash Shamm), or Elphinstone Inlet, on the west side of the peninsula is over 24 m 
in depth, and follows the winding course of the headwaters of an old drowned val- 
ley. Traces of old tributaries now appear as smaller inlets to the north, east and 
south of Khawr Khasaibi. On the northern end of the Ru’us al Jibal, the valley in 
which the town of Khasab lies, and the bay north of it, known as Khawr Khasab, 
were once tributaries of the drowned valley of Khawr Khasaibi, as also Khawr 
Qidah just west of Khasab. On the south-eastern side of the Musandam Peninsula, 
Khawr Habalayn (Ghubbat al Ghazirah) represents the drowned headwaters of 
another large drowned valley, with drowned tributary valleys to the north and 
south. Only the narrow Al Maksar isthmus, 250 m wide and up to 80 m high, now 
separates the head of Khawr Khasaibi from the head of Khawr Habalayn, and 
plans to blast a passage through this isthmus have been considered to ease tanker 
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flow through the Strait of Hormuz, especially as either inlets or akhwar provide 
deep water channels. Khawr Ghubb Ali is another drowned valley, on the west side 
of the Musandam Peninsula above Khawr Khasaibi, as are the broader Ghubbat 
ash Shabus and Dhawhat ash Shishah on the eastern side of the Musandam 
Peninsula above Khawr Habalayn. There are a further five akhwar on the north- 
ern end of the peninsula, which also represent the headwaters of another 
drowned drainage system that once flowed to the north north-east. 

Many inlets around the coastline of Arabia were more extensive 7,000 years 
ago when sea level was 2 m higher than at present. The pronounced lowering of 
sea level by 120 m during the Last Glacial Maximum (LGM) caused drainage sys- 
tems to cut valleys to a new base level. These valleys are now largely submerged, 
and their trace can be seen on bathymetric maps, particularly in the relatively 
shallow Persian Gulf as shown in Figure 6.5 from Edgell (1989a). 


16.5.5 Inlets with structural control 


Geological structure controls many of the coastal inlets of Arabia. An example is 
Kuwait Bay (Fig. 16.31), which lies south of the eroded escarpment of Jal az Zor, and 
north of the large anticlinal uplifts of the Magwa and Ahmadi oilfields, themselves 





Fig. 16.31 Kuwait Bay as a structurally controlled inlet, with the salt dome uplift of 
Greater Burgan Oilfield to the south, and the eroded Miocene Jal az Zor escarpment, includ- 
ing Failakah Island, to the north. Image width is 80 km. (NASA Landsat 7 image 2000 
series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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parts of the salt diapir induced Greater Burgan Oilfield (Edgell, 1996). Jal az Zor escarp- 
ment sweeps around in an arc to the north of Kuwait Bay, reaching a height of 143 m, 
and once extended much farther south-east to include Mia’chan (Masjang), Failakah 
and Auhha (Auha) islands, probably separated from the escarpment by old drainage 
from the Umm Qasr channel. The north-eastern trend of most of the Miocene Jal az 
Zor escarpment is taken to represent an extension of the Wadi al Musannat lineament 
(Holzer, 1968), while he states that the “southeastern trend ... corresponds to the 
highs of the Dammam Formation in the structures of southern Kuwait (Ahmadi).” In 
fact, the southerly plunge of the Bahra anticline controls the change in direction from 
north-east to south-east of the Jal az Zor escarpment (Salman, 1979), and an under- 
lying NE-SW fault exists just north of the Jal az Zor escarpment (Khalafalla, 1977). 
Kuwait Bay lies in a structural depression between Greater Burgan and Bahra oilfields, 
but the influence of basement fault trends on Jal az Zor seems evident, while the effect 
of Pleistocene drainage on Kuwait Bay have been mentioned by Salman (1979). 
Kuwait is considered as an alluvial fan of a palaeo-river by El-Baz and Al-Sarawi 
(1996), without extending this view to Kuwait Bay. 

The small harbour of Sadh, in southern Oman, is another example of struc- 
tural control, as it lies in an eroded fault zone in the crystalline, Precambrian 
rocks of the Solat (Fig. 16.32 and 16.33). 

The inlets of the north-eastern coast of Saudi Arabia, in the vicinity of Manifa 
provide very clear examples of structural control. A regularly repeated fracture pat- 
tern along the Arabian Trend (N 17° E) cutting the Neogene Hadrukh Formation, 





Fig. 16.32 View of Sadh harbour, an inlet on the southern Oman coast, structurally 
controlled by an eroded fault zone in Precambrian crystalline rocks. (Photo by H. S. Edgell). 
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Fig. 16.33 Sadh harbour, the deep inlet (lower mid centre) in southern Oman. Note 
eroded fault zone determining its position. Image width is 6 km. (NASA Landsat 7 image 
2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


intersects the Saudi coastline, creating the harbours of Dawhat Manifa, Dawhat 
Bilbul, and Dawhat Sulaygq, as well as the double inlet of Khawr Musharrabah (Fig 
16.34). It is clear that Ra’s Tanaqib and Ra’s Karmah to its west are controlled by this 
repeated fracture with a spacing of 2—3 km. This is the same fracture system with 
larger scale spacing of 40 km that controls the giant oilfield of Ghawar (Al-Khatieb 
and Norman, 1982; Edgell, 1984, 1987h, 1993b). The eroded fracture zones can be 
seen to extend at least 50 km inland, with thin strips of sabkhah along their courses. 


16.5.6 Estuarine inlets 


Rivers flowing to the sea are rare in the arid climate of present-day Arabia. The 
Shatt al Arab estuary, which exits to the northern Persian Gulf near Al Faw 
(Al Fao), is an example (Fig. 16.25). It combines the flow of the Euphrates (Nahr al 
Frat), Tigris (Nahr ad Dijlah) and Karun (Rud-e Karun) rivers. This estuary is 
slightly brackish for 17 km above Al Faw in autumn, when the river is low, but is 
otherwise generally fresh in winter months. Tidal influences extend upstream in the 
Shatt al Arab for 160 km, at least as far as Al Basrah. Khawr Umm Qasr is a former 
estuary of the Euphrates River, and is also tidal. It is connected to the northern 
Persian Gulf by Khawr Abdallah, north of Warbah Island and north-east of 
Bubiyan Island. Many inlets around the Arabian coastline may be estuaries briefly, 
when widyan flowing into these inlets have free connection with the sea. 
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Fig.16.34  Inlets on the north-eastern coast of Saudi Arabia, near Manifa, con- 
trolled by repeated fracture zones in the Neogene Hadrukh Formation. From lower right 
to top middle, inlets are Dawhat Manifa, Dawhat Bilbul, Dawhat Sulayq and Khawr 
Musharrabah. Ra’s Tanaqib points south. Image width is 25 km. (NASA Landsat 7 
image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 


16.6 ARABIAN DESERT ISLANDS 


16.6.1 Desert islands of the Arabian side of the Persian Gulf 


Many desert islands occur around the margins of Arabia, some of the larger ones 
being found on the Arabian side of the Persian Gulf. These include Warbah, 
Bubiyan, Failakah (Fulayka’), Abu Ali, Tarut, Bahrain, Halul, Dalma, Sir Bani 
Yas, Arzanah, Al Ghubbah, Al Jirab, Das, Qarnein, Zirku (Zarqa), Sir Bu Nuair, 
Abu Musa and the small Tunb islands. 

Bubiyan (445 km?) is a large, Kuwaiti, mud-flat island (Fig. 16.35) of estuar- 
ine origin with marine sediments in the south and south—west, and is of Late 
Holocene origin, having been beneath sea level between 4,000 and 2,000 years 
BP (El-Asfour, 1982). The smaller, adjacent, low-lying Warbah Island (23 km?) is 
composed of similar estuarine sediments (Fig. 16.35). 

Failakah Island, (Jazirat Faylakah, Fulayka’) is 14.5 km long, with an area of 
74 km? (Fig. 16.36). It is composed of Miocene sandy sediments seen as a whitish 
rim of Pleistocene limey sands, and darker areas of sabkhah. Falaikah is an iso- 
lated continuation of the Jal az Zor escarpment of Kuwait (Salman, 1979). Five 
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Fig. 16.35 Bubiyan Island, a large, low lying, largely mud-flat island in the north- 
eastern part of Kuwait, separated from the mainland by Khawr as Sabiyah. Some central 
parts of the island have low, NW-SE trending dunes, and sabkhah area occur in the south 
and east. Warbah Island is a smaller, crescent-shaped, mud-flat island, lying to the north 
across Khawr Bubiyan. Part of the southern coast of Iraq is seen in the top right corner, 
separated from Bubiyan Island by Khawr Abdallah. Image width is 30 km. (Space image 
from the 1997 Calendar of the Kuwait Foundation for the Advancement of Sciences.) 


thousand year old settlements of fishermen have been found on Failakah. 
Nearchus, one of Alexander the Great’s generals, established a colony on 
Failakah in the late 4th century BC, which became the Greek town of Ikaros, and 
a Seleucid colony was later established there. 

Jazirat Abu Ali (25 km long and 113 km?), and Jazirat al Batinah (12 km long), 
are both low-lying, being connected at low tide and lie north of the town of 
Al Jubay] (Fig. 16.20). They include 90 km? of sabkhah with some aeolian sand. 
Tarut Island (8 km?) near Al Qatif is approximately 5 km in diameter with 
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Fig. 16.36 Failakah Island, lying in the northern Persian Gulf, about 15 km ENE of 
Kuwait City. The islet of Mia’chan lies just to the NW, and the islet of Auhha to the SE 
(lower right corner). Image width is 20 km. (NASA Landsat 7 image 2000 series, courtesy 
of nasa.gov/mrsid/mrsid.pl). 


Neogene sediment at the centre surrounded by sabkhah and sand, and is consid- 
ered a deep-seated salt diapir structure (Fig. 6.18b). 

Bahrain Island (673 km?), with an overall length of 55 km, is built around the 
arched up Eocene carapace of a partly submerged N-S anticline, and owes its origin 
to an underlying, deep, salt pillow from the Proterozoic Hormuz Series. The name 
Bahrain comes from the Arabic ‘two seas’, referring not to the two seas on either side, 
but to the adjacent sea and the ‘sea’ of groundwater that once reached the surface. 
Bahrain rises to a height of 124.4 m in Miocene outcrops of Jabal ad Dukhan. Umm 
Na’san and Sitrah are low islands of Neogene, to the west and east of Bahrain respec- 
tively, while Al Muharraq to the north-east is connected by a causeway (Fig. 16.37). 

The offshore islands of the UAE are mostly small and due to salt piercement. Sir 
Bani Yas (75 km2), Dalma (30? km), and Abu Musa (12.7 km?) are some of the 
larger of these. The island of Sir Bani Yas lies just off the western coast of Abu 
Dhabi, and is oval shaped, with a large 3 km diameter, central salt plug rising to 
a height of 152.4 m at Qarn al Khabra’, with inclusions of gypsum and specular 
iron ore, surrounded by arched up ‘Lower Fars’ sediments, which are mostly cov- 
ered by debris eroded from the central plug (Fig. 16.38). 

Abu Musa Island (Fig. 16.39) has a large block of pinkish coloured rhyolite, 
stained by haematite, known as Jabal Halwa (Hilwa), standing up 110 m above 


420 Chapter 16 





Fig. 16.37 Bahrain Island with Al Muharraq to the north-east connected by causeway, 
and with the islands of Umm Na’san on the west, and Sitrah on the east. A dark sabkhah 
area can be seen in the south of the island above Ra’s Bar, and another in the south—west 
at Al Zallaq. The Dammam Formation rim rock appears as a white band around the cen- 
tre. Width of the image is 31 km. (NASA Landsat 7 image 2000 series, courtesy of 
nasa.gov/mrsid/mrsid.pl). 


sea level near the north of the island, with high cliffs and hills of trachyte on the 
western side attaining an elevation of 71.3 m (O’Brien, 1957) and low hills of 
white jasper on its south-eastern side (Pilgrim, 1908). 

Occupation of Abu Musa Island by Iranian forces in the 1970s caused outrage 
in Arab countries, leading to the assertion that the Persian Gulf should be called 
the Arabian Gulf. Other basement blocks have been brought up by Hormuz Series 





Fig. 16.38 Yas Island (Jazirat al Yas or Sir Bani Yas), showing the central salt plug, and 
surrounding debris-covered slopes. Original width of the island was 8.5 km, but landfill 
around the island now brings the width to 10 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasagov mrsid mrsid.pl). 





Fig. 16.39 Abu Musa Island, in the eastern Persian Gulf. It is one of the larger Hormuz 
Series salt plug islands in the Gulf, although no salt appears; only blocks of basement rocks 


dragged up by salt diapirism. Image width is 4 km. (NASA high resolution EROS image 
E1099294),. 
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salt piercement (Edgell, 1996), including haematite, once worked as red ochre, but 
there is no surface salt. The Hormuz salt piercement that formed Abu Musa Island 
penetrated the entire stratigraphic sequence, and has created numerous sur- 
rounding rim anticlines, some being large enough to form oilfields (Fig. 16.40). 

Al Ghubbah (47 km?) and Al Jirab (Abu al Abyadh) 305 km%, lie near to the UAE 
coast, and are composed of Neogene sediments. They are due to local E-W topo- 
graphic highs of probable structural origin (Kassler, 1973), and have a maximum 
elevation of 12 m. Other offshore islands of the UAE, such as Halul, Dalma, Arzanah, 
Das (2.5 km), Qarnein, Zirku, and Sir Bu Nair, are all small islands produced by salt 
diapirism from the Hormuz Series. Jazirat Tunb (Jazireh-ye-Tanb-e Bozorg) lies fur- 
ther east, and rises to 53.3 m, while the smaller, nearby Jazirat Nabiyu Tunb (Jazireh- 
ye Nabi Tanb) rises to 36.6 m. Both are small salt diapir islands. 
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Fig. 16.40 Abu Musa Island, and the surrounding rim synclines and rim anticlines cre- 
ated by the salt piercement (After Edgell, 1996). 
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16.6.2 Desert islands off the southern coast of Arabia 


Masirah Island (657 km), 65 km long and up to 15 km wide (Fig. 16.41), lies off 
the south-eastern coast of Oman, from which it is separated by the long dextral, 
transcurrent Masirah Fault. It is composed of ophiolites and Mid Cretaceous, or 
earlier, limestones, in a mélange (Mosely, 1990), overthrust at the end of the 
Cretaceous by an upper ophiolite nappe, and emplaced on the margin of southern 
Oman (Immenhauser, 1996). 

Soqutra Island (Socotra, Jaziratu-i Suqutra) is the largest Arabian island 
(3,607 km?), with an E-W length of 135 km and up to 42 km wide (Fig. 16.42). 
It consists of uplifted Precambrian igneous and metamorphic basement rocks, 
covered by a veneer of Cretaceous and Tertiary limestones (Beydoun and Richan 
1970). Soqutra receives some rainfall from the South-West Monsoon, and the 
northern and southern plains have an annual average rainfall of 150-170 mm, 
although a visiting botanist guessed that Jabal Haggier (1,503 m high) in the east 
may receive up to 1,000 mm during the Kharif (Wranik, 1995). Three small, 
uninhabited, arid islands of uplifted basement are located just east of Soqutra, 
and include 3 km long Darsah (16.4 km), and 5 km long Samhah (40 km), 
known as ‘The Brothers’, and Abd Al Kuri (133 km?) some 33 km long and up to 
3 km wide. Five small islands of the Kuria Muria group lie just east of Hasik in 
eastern Dhofar, all being uplifted Precambrian basement. The largest is 
Hallaniyah (63 km?) with a maximum elevation of 573 m. Sawda (10 km?) lies 
to the west of Hallaniyah, and Qibliyah to the east (7 km2). Two other islands of 
the group are Al Hasikiya, near to Ra’s Hasik, and Gharzawt in the north-east of 
the group, both quite small. 


16.6.3 Desert islands of the Arabian side of the Red Sea 


In the Red Sea, there are a very many islands, at least 128 in offshore Saudi 
Arabia alone. A few referred to here include Kamaran Island (108 km?) and the 
Farasan Islands. Kamaran Island (lat. 15° 20’ N; long. 42° 37’ E) lies just off the 
Yemen Tihamah coast (Tihamat al Yemen) near As Salif (Fig. 16.3), and is 20 km 
long and up to 24 m high. The island is composed of Quaternary sediments, and 
has salt core and an arid climate, with 86 mm of annual rainfall. It has been 
formed by salt diapirism. Other Yemeni islands in the southern Red Sea include 
Hanish al Kabir (116 km?) reaching an elevation of 645 m, the small Hanish as 
Saghir farther north, and the nearby island to the north of Az Zuqur, sometimes 
called Jabal Zuqur, as it reaches an elevation of 328 m, and has had active vol- 
canism in historical times. 

The Farasan Islands (Fig. 16.6) lie about 50 km west of Jizan, in the southern 
Red Sea forming an archipelago within an area of 75 km by 50 km. Although 
fringed by coral reefs, the Farasan Islands owe their origin to uplift by salt diapirism 
(Macfadyen 1930) from the underlying Miocene evaporites. The largest island of 
the group, Farasan al Kabir (395 km?) is about 55 km long and 5-8 km wide, and 





Fig. 16.41  Masirah Island off the coast of eastern Oman. A desert island, consisting 
mainly of black ophiolites, and a mélange of Cretaceous limestones seen here as white, 
along the south—west of the island. Orientation of the island is NNE-SSW. Image width is 
70 km. (Image ISSOOBE06068; Image courtesy of Image Analysis Laboratory, NASA 
Johnson Space Center). 
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Fig. 16.42 Soqutra Island (Socotra), a part of the Yemen Arab Republic in the Arabian 
Sea, some 350 km SSE of Ra’s Fartak. It is 5.35 times the size of Bahrain. Image width is 
135 km or the island’s width. (NASA Landsat 7 2000 series, mosaic of 2 images, courtesy 
of nasa.gov/mrsid/mrsid.pl). 


generally flat, although isolated hills occur up to 75 m in elevation, and the small 
island of Zafaf (33.2 km?) just south-west of Farasan al Kabir has a maximum 
height of 115 m. Test wells drilled on Farasan al Kabir showed the presence of salt 
with high content of potash salts in a study by the author requested by the Bin 
Laden Organization. Sajid (156 km?) is the second main island of the group, 35 
km long and about 10 km wide. 

Farther west, the island of Jabal at Tayr lies in the middle of the Red Sea Rift, 
and is of Quaternary stratovolcano type, reaching 244 m in elevation. Most of 
the 128 islands in the Red Sea belonging to Saudi Arabia are small. 

One of the larger islands in the northern Red Sea is Tiran (61 km?), at the 
entrance to the Gulf of Aqaba. It is composed of tilted up, Neogene, hard gritty 
sandstone, gypsum, shale and sandy limestone, surrounded by Pleistocene 
coral reef limestone, and fringing coral reefs (Schick, 1958). It has a climax 
elevation of 524 m (Figs. 16.43, 16.44). The nearby 100 m high island of 
Sinafir (26 km?) lies just east of Tiran. Both Tiran and Sinafir islands are part 
of the 480 km? South Sinai Natural Reserve, because of rare coral reefs and 
marine life. Several smaller islands lie farther to the east, such as Shusha, 
Barqan and Magsur, with the latter lying close to northern Red Sea coast of 
Saudi Arabia near to Sharma. 
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Fig. 16.43 The islands of Tiran (lower centre), and Sinafir (Sanafir) (lower right), in the 
northern Red Sea at the entrance to the Gulf of Aqaba. Part of the Sinai Peninsula near 
Ra’s Nusr Ani can be seen on the left. Ra’s Abu Fasma in north—western Saudi Arabia 
appears at the upper right. Image width is 45 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 





Fig. 16.44 View of Tiran Island looking east from the southern Sinai Peninsula. (Photo 
credit G. Curtis). 
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Desert plains, steppes, and 
plateaux 


A large part of Arabia is covered by desert plains, such as those of Al Jazirah 
(Jezireh) region in Syria, and desert steppes, which are semi-arid, as well as desert 
plateaux like the Hadramawt, eastern Syria, eastern Jordan and the western 
highlands of Saudi Arabia. Although the term plateau was used by Dana (1895) 
for comparatively flat areas above 300 m (strictly 1,000 ft), in the generally low 
topography of Arabia, areas such as As Summan Plateau are included, even 
though their lower parts are only 240 m in elevation. Jackson (1997), in the AGI 
Glossary of Geology, recognises several types of plateaux, such as plateau plains, 
which would describe much of the Syrian Desert, plateau mountains, as in the 
highlands of north Yemen, and lava plateau for areas covered with volcanic flows, 
like the harrah areas of Arabia. The lava plateaux have been already discussed 
and illustrated in Chapter 14, as rocky deserts. 


17.1 THE SYRIAN DESERT 


The Syrian Desert covers 250,000 km?, including not only most of western and 
northern Syria (Fig. 17.1), but also a large area of western Iraq and part of 
northern Saudi Arabia. Some give the size of the Greater Syrian Desert as 
324,396 km? (Hearn et al., 2003). This whole area consists of desert plateau 
plains, and changes into desert steppe towards the north. (Fig. 17.2). 

Syria is classed as 55.1% steppe, where rainfall is insufficient to allow cultiva- 
tion (Ibrahim, 2002 in the FAO country report for Syria), but in western Iraq and 
northern Saudi Arabia, the terrain is best described as desert plateau plains. Some 
writers consider that the Syrian Desert runs from the western side of the East 
Mediterranean coastal mountains to the Euphrates River, including a part of 
northern Jordan (Cressey, 1960), but this would include large areas of rocky 
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Saudi Arabia 


Fig. 17.1 The Syrian Desert covers most of this annotated MODIS image, being limited 
on the north-east by the Euphrates River, on the north—west by the Palmyrene Ranges or 
Palmyrides and on the south—west and south by the Druze-Hauran, Harrat ash Shaba and 
Harrat ash Shamah volcanic areas. Image width is 400 km; (Constructed from MODIS 
base in Hearn et al., 2003). 





Fig. 17.2 View of Halab (Aleppo), in northern Syria, from the Citadel, showing the 
broad, level, Syrian steppe on the horizon. (Photo by H. S. Edgell). 
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desert (Fig. 17.3), comprising the Jabal ad Druze-Hauran volcanic fields, as well 
as the Palmyrides (Palmyrene Ranges). 

The Syrian Desert, within Syria itself, includes only the Central Syrian Plateau, 
and excludes the Palmyrides, Euphrates lowlands and rolling plateau of 
north-eastern Syria. The adjacent plateau and plains of western Iraq are gener- 
ally considered as part of the Syrian Desert, as well as north-eastern Jordan and 
adjoining parts of northern Saudi Arabia. 


17.1.1 Desert plains of eastern Syria and western Iraq 


The majority of the Syrian Desert lies in eastern Syria and western Iraq. Apart 
from the low Palmyrene Ranges, volcanic fields of Jabal ad Druze and Hauran 
and areas of irrigation along the Euphrates River, the whole region consists of 
arid, flat to undulating desert plains. These plains extend almost to the 
south-western edge of the Euphrates in Iraq, and as far east as the edge of As 
Shamiyah Desert between Zubair and An Najaf. In parts of western Syria, the 
plains are plateau-like, but they are extensive aggradation plains in Al Jazirah 
(Jezireh), and near the Euphrates, although the terrain is undulating towards 
the Iraq/Saudi border. The desert plains of eastern Syria and Iraq cover approx- 
imately 200,000 km2. 


17.1.2 Desert plains of northern Saudi Arabia 


Only a relatively small part of northern Saudi Arabia can be included in the 
Syrian Desert plains, and even that is just a southward extension of that desert. 
The Widyan Plateau lying SW of the Iraq/Saudi border cannot be included in 
the Syrian Desert. Farther west, the volcanic fields of the Harrat ash Shamah 
(Harrat al Harrah) are also excluded, as they consist of basaltic rocky desert. 
This leaves an area of 13,000 km? to the north of Al Jawf, consisting mainly of 
undulating desert plains developed on the sandy Lower Miocene Hadrukh 
Formation. 





Fig. 17.3 View of part of the western Syrian Desert from the Palmyrene Ranges, which 
can be seen in the right background and on the left. 
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17.2 DESERT STEPPES OF NORTHERN SYRIA 


In Syria north of 36° N and to the east of Aleppo (Halab), annual rainfall is 
between 200 m and 350 mm, except in the far north-eastern corner, where it 
exceeds 350 mm. This area cannot be classed as desert, but is semi-desert and 
consists of hummocky and undulating plains, sometimes called rolling plateau, 
which are described by FAO (Ibrahim, 2002) as steppes (Fig. 17.4). 

They extend over an area of 23,000 km?, including the northern part of the 
Central Syrian Plateau, and a large triangular area of north-eastern Syria lying 
between the Euphrates valley and the Turkish border. Within these northern 
steppes, the anticlinal mountain uplift of Jabal ‘Abd Al ‘Aziz extends E-W for a dis- 
tance of some 40 km. 


17.3 ARABIAN DESERT PLATEAUX 


A large area of Arabia, totalling 320,000 km?, is covered by desert plateaux, of which 
the Hadramawt Plateau is by far the largest. Traditionally, most of these plateaux are 
not thought of as desert, and yet they lie in very arid areas, so that despite their rugged 
terrain they must be considered in any analysis of Arabian deserts. 


17.3.1 Hadramawt Plateau 


This plateau extends E-W in southern Yemen for 800 km and is up to 350 km 
wide. It has developed through the erosion of the Hadramawt Arch, which 





Fig. 17.4 View of the Syrian steppe in northern Syria near the Orontes River (Nahr al 
Asi). Note the undulating topography and relatively fertile ground. (Photo by H. S. Edgell). 
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exposes mainly Paleogene limestones underlain by sandy beds of the 
Cretaceous Tawilah Group. In more detail, it consists of an E-W trending, 
northern, gentle anticlinal arch and a parallel, southern, gentle anticlinal arch, 
separated by a very shallow syncline, in which the Wadi Hadramawt valley has 
developed (Fig. 17.5). 

The plateau is quite strongly dissected, consisting of the Northern Jawl and the 
Southern Jawl, with the broad canyon-like Wadi Hadramawt between them and 
dunes of the eastern part of the Ramlat as Sab’atayn seen on the left (Fig. 17.6). 

The Hadramawt Plateau covers a total area of 158,000 km, and similar but 
much smaller plateaux continue eastward into the plateau-like mountains of Dhofar 
in southern Oman. Excluding the Wadi Hadramawt valley and all other widyan, the 
actual plateaux surface of the northern and southern jawls (jols) is calculated to be 
75,590 km. Although now a dry plateau with a low mean annual rainfall from 50 
to 120 mm, the Hadramawt Plateau received considerably more rainfall during the 
many rainier intervals of the Pleistocene and in the Early to Middle Holocene, so that 
deeply entrenched drainage systems have developed. On the Northern Jawl, there 
are large, well-developed, dendritic drainage patterns in many widyan, such as Wadi 
Makhya, Wadi Hazar and Wadi Dahyah (Figs. 17.7-17.8). 





ee 


Fig. 17.5 View of the Hadramawt Plateau surface looking north from the Wadi 
Hadramawt near Sayun (Saiwun). The cliff is formed by the Paleogene Umm er Radhuma 
Formation limestones, and the slopes by the Cretaceous Tawilah Group. (Photo by H. S. 
Edgell). 
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Fig. 17.6 The western part of the Hadramawt Plateau, showing the Wadi Hadramawt 
and the strongly dissected plateaux of the Northern Jawl and Southern Jawl. Image width 
is 220 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mtsid.pl). 


17.3.2 Plateau mountains of Dhofar, southern Oman 


The mountains of Dhofar, behind the narrow coastal plain in southern Oman, 
are really plateaux. From east to west, they become increasingly wider, with their 
highest part in the east, where Jabal Samhan rises to 1,536 m (Fig. 17.9). 

A structural cross section sketched by the author in 1955, just west of the 
photo (Fig. 17.9), also shows the stratigraphic relationships (Fig. 17.10). 

Jabal Qara (850—1,307 m) and Jabal Qamar (800-984 m) extend farther west, 
both with plateau-like surfaces developed in sub-horizontal to low, north—dipping, 
Paleogene limestones, especially the Umm er Radhuma and Dammam formations 
(Fig. 17.11). 

The area occupied by these plateaux in Dhofar is 12,000 km2. 


17.3.3 Jawf-Ma’rib plateau, Yemen 


Between Jawf and Mar’ib, to the north and north-west of the Ramlat as 
Sab’atayn, there is an area, known geologically as the Ma’rib—Jawf Basin. This is 
an arid to semi- arid, somewhat dissected, interior intermontane plateau, with ele- 
vations of 950 to 1,400 m, where mean annual rainfall is from 100 to 125 mm. 
It extends over approximately 7,500 km?, and was once a centre of the Ma’in and 
Sabaean civilizations. 
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Fig. 17.7 The well-developed, largely relict, dendritic drainage on the Hadramawt 
Plateau, seen here on the Northern Jawl at Wadi Dahyah. This classical example of den- 
dritic drainage in an arid region was of interest, as an analogue, for the Mars scientific 
team (Image courtesy of Image Analysis Laboratory, NASA Johnson Space Center). 


17.3.4 Hejaz and Asir plateaux 


The main highlands of Saudi Arabia extend from the Saudi/Yemen border 
north-west, for 1,350 km to about Lat. 27° N, and cover 89,545 km?, forming 
the Hejaz and Asir plateaux. It is highest in the south, where Jabal as Sawdah 
reaches a height of 3,133 m (Fig. 18.7). Most of the plateaux consist of uplifted 
Precambrian metamorphic and igneous rocks (Fig. 17.12), but in the south-east 





Fig. 17.8 Aerial view of a typical wadi of the northern Hadramawt Plateau incised in 
Paleogene limestones. This wadi is now cutting into massive limestones of the Lower 
Eocene-Paleocene Umm er Radhuma Formation having cut through the alternating soft 
and hard limestone beds of the Middle Eocene Dammam Formation, leaving a series of 
benches (Photo by H. S. Edgell). 
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Fig. 17.9 View of the southern scarp face of Jabal Samhan, and its high plateau sur- 
face, forming the eastern end of the Hadramawt-Dhofar Plateau. The cliff-forming 
Paleocene-Lower Eocene Umm er Radhuma Formation is at the top of the exposed 
sequence, with the Upper Cretaceous Aruma and Wasia formations below. There is a major 
angular unconformity between the Cretaceous Wasia and the Upper Proterozoic Murbat 
(Mirbat) Formation of mudstones, sandstones and fluvio-glacial beds forming the slopes. 
The original name is Murbat Formation (Carter, 1852), and cannot be emended by the 
current fashion to rename Murbat town to Mirbat. (Photo by H. S. Edgell). 


Desert plains, steppes, and plateaux 435 


STRUCTURAL CROSS SECTION FROM THE 


JABAL SAMHAN TO THE MOUTH OF WADI HENNA. 


S.W. NE. 


Jabal Samhan 


Paleocene 









Mouth of Wadi Demmer Upper Gefaceous 
Wadi Henna. fault. 
Midd le 
Crefaceous 
Upper and 
hale 


Crefaceous. 





Fig. 17.10a A sketched structural cross section south—west from Jabal Samhan, Dhofar, 
southern Oman, showing stratigraphic relationships, especially the major unconformity 
between the Tertiary-Cretaceous and the Proterozoic. (Drawn by the author in 1955). 





Fig. 17.10b Surface of the Jabal Samhan Plateau showing dendritic drainage, with the 
large Teyq Sinkhole 250 m deep and 1.58 km wide, a former cave with collapsed roof, which 
has captured two widyan (top left). The escarpment appears in lower right. Image width is 
12 km. (NASA Landsat 7 image 2000 series courtesy of nasa.gov/mrsid/mrsid.pl). 
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Fig. 17.11 View of the western Dhofar plateau in the Jabal Qamar, looking north from 
the Arabian Sea. The higher escarpment is formed by the Paleogene Umm er Radhuma 
Formation repeated half way down by E-W faulting, while the Cretaceous Qishn 
Formation is exposed in the lower outcrops. Most of the higher plateau surface consists of 
the Middle Eocene Damman Formation. (Photo by H. S. Edgell). 


of the Asir Plateau, a large area of Ordovician Wajid Sandstone forms part of the 
plateau (Fig. 17.12). There are also numerous outliers of Wajid Sandstone on the 
Asir Plateau, to the west on crystalline Precambrian rocks of the Arabian Shield. 

The greatest width of the plateaux is 150 km, inland from Umm Lajj. In gen- 
eral, the Hejaz-Asir plateaux (Fig. 17.13) have a steep escarpment on the Red Sea 
side (Fig. 17.14), and slope gently to the north-east. 
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Fig. 17.12 View of part of the Asir Plateau, south of Abha, south-western Saudi 
Arabia. Precambrian granite. crops out in foreground, with Ordovician Wajid Sandstone 
outliers, in the upper right, and left distance. (Photo by H. S. Edgell). 





Fig. 17.13 The plateau of Ordovician Wajid Sandstone in the eastern part of the Asir 
Plateau. (Photo by H. S. Edgell). 
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Fig. 17.14 View of the Hejaz Plateau near At Ta’if, western Saudi Arabia, with hills of 
Precambrian crystalline rocks in the background. (Photo by H. S. Edgell). 





Fig. 17.15 The steep western escarpment of the Asir Plateau, as seen here east of 
Abha, where the road descends to the Tihamat Asir. (Photo by H. S. Edgell). 
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The highest point in Arabia is at Jabal an Nabi Shu’ayhb (3,760 m) in the Yemen 
Plateau (Fig. 17.16), which is a southward continuation of the Asir Plateau, but 
this area receives too much rainfall to be considered as a desert plateau. 


17.3.5 Hishmah-Tubayq plateaux 


The Hishmah Plateau is a continuation of the Tubayq Plateau, also of Lower 
Palaeozoic sandstone, which covers 10,000 km? in southern Jordan (Bender, 
1968). The Hishmah Plateau extends southward from the Jordan/Saudi border, 
into north—western Saudi Arabia, where there is a NNW-SSE trending sandstone 
plateau, about 150 km long covering 2,204 km?. Towards the south-east, the 
Hishmah Plateau becomes higher, joining with flood basalts of the Harrat ar 
Rahah, followed south—westward by the larger Harrat ‘Uwarid (6,500 km?), 
which rises to a maximum altitude of 1,950 m. 


17.3.6 Midyan Mountains (Ash Shifa’) 


The Midyan Mountains form a highly dissected plateau to the west of the 
Hishmah Plateau, and are the northern end of the Red Sea escarpment, extend- 
ing to the eastern edge of the Gulf of Aqaba. They consist of uptilted Precambrian 
crystalline rocks, and some metasediments and metavolcanics of the Hejaz 
Formation, which have been dissected by numerous widyan, mostly flowing 
towards the northern Red Sea, with some small widyan draining to the Gulf of 
Aqaba. This dissected plateau rises towards the east, where it reaches an elevation 
of 2,580 m in the granites of Jabal al Lawz. 





Fig. 17.16 View of the northern Yemen Plateau at Sana’a, Yemen’s capital city. (Photo 
by H. S. Edgell). 
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17.3.7 Plateau of south and central Sinai 


The southern and central parts of the Sinai Peninsula comprise a large north 
tilted plateau, except for a narrow coastal plain along the Gulf of Suez, and a very 
narrow coastal strip along the Gulf of Aqaba. There is a gradual southward 
increase in elevation from above 500 m in Jabal at Tih, to above 1,000 m in Jabal 
‘Igma, then to 2,285 at Jabal Musa, and finally to a maximum of 2,637 m at Jabal 
Katharina (Fig. 17.17). 

Jabal Katharina is so high that it was the site of a glacier during the last 
Pleistocene glacial interval. The strata forming Jabal at Tih are predominantly 
Tertiary limestones, and Cretaceous strata are exposed south, as well as east and 
west, of Jabal ‘Igma. In the higher area to the south, there are Proterozoic intru- 
sive rocks of the basement, and in the highest area of Jabal Katharina still older 
Archaean rocks occur (Fig. 17.18). 

Many widyan drain northward from Jabal at Tih and Jabal ‘Igma, such as Wadi 
al Arish, but in the high southern part of the Sinai drainage is primarily down steep 
fault scraps to the west, into the Gulf of Suez, or to the east into the Gulf of Aqaba. 


Sinai 


Katharin 
2637 MA 





Fig. 17.17 Geological map of the Sinai Peninsula and adjacent areas annotated with 
standard geological symbols. (Map constructed from USGS data in Hearn et al., 2003). 
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Fig. 17.18 View of the high, dissected Sinai Plateau, near St. Catherine’s monastery 
and Jabal Musa. The surrounding mountains consist of Precambrian crystalline rocks. 
(Photo by B. Amer of ‘Arabian Adventures’). 


17.3.8 Eastern Jordanian Plateau 


A 45,000 km? area to the south of Amman in eastern Jordan is referred to as the 
East Jordan Plateau (Bender, 1968, 1974). It consists of uplifted Cretaceous and 
Lower Palaeozoic sandy sediments, and has a gentle east dip away from the raised 
eastern rim of the Wadi Araba-Jordan Graben (Fig. 17.19). Here, the basalt cov- 
ered rocky deserts of Hauran and Harrat ash Shaba are excluded, reducing the 
area to just over 30,000 km?. 


17.3.9 Ash Shamiyah (Chami) Plateau 


A large, desolate, flinty plateau lies south of the Palmyrides, between the volcanic 
rocky desert of the Jabal ad Druze-Hauran and the Rutbah-Ga’ara Arch. This low 
plateau has a general elevation of 400-800 m, and is developed in almost flat- 
lying Lower Tertiary cherty limestones, mostly Eocene limestones of the Jadala 
Formation. It is referred to by Ponikarov et al., (1967) as the Chami Plateau, and 
is correctly termed Ash Shamiyah plateau. The adjacent Late Cenozoic volcanics, 
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Fig. 17.19 View of the Eastern Jordanian Plateau, at Jerash. (Photo by H. S. Edgell). 


of Jabal ad Druze and Hauran, also form a plateau extending into Jordan as the 
Badia basalt plateau. 


17.3.10 Widyan Plateau 


In northern Saudi Arabia, just south—west of the Iraq/Saudi border, there is a low 
dissected plateau known as the Widyan Plateau, comprising many widyan, as the 
name implies. This plateau has elevations of 400-770 m. It slopes gently to 
the north-east, and also extends northward into western Iraq. In naming the 
Widyan Basin, Powers et al., (1966) state that “it is applied to the eastern limb of 
the Ha’il-Rutbah swell”, with beds “having a gentle north-east dip averaging 2.5 
m/km.” The Widyan Plateau is developed on Upper Cretaceous Aruma Formation 
limestones, which are dissected by many closely spaced widyan (Fig. 17.20). 
These widyan exhibit a typical dendritic pattern, and flow towards the north-east 
into western Iraq. The area covered by the Widyan Plateau is at least 72,000 km?. 


17.3.11 As Summan Plateau 


The low plateau of As Summan is 80-240 km wide, and occurs between the 
north-eastern coast of Saudi Arabia and the long belt of Ad Dahna dunefield. It 


Desert plains, steppes, and plateaux 443 





Fig. 17.20 Widyan Plateau in north-eastern Saudi Arabia near the Iraq border. The 
numerous widyan can be seen entrenched in the Upper Cretaceous Aruma Formation 
limestones. Wadi al Mira’ is in the top right-hand corner and the headwaters of Wadi al 
Ubayyid in the lower right. The Tapline is in the lower left, with the pumping station of 
Hazm al Jalamid seen as a black ellipse. Image width is 40 km, centred at 31.5° N and 
40.3° E. (U. S. Geological Survey Aster VNIR image ID: AST_LIB.003:2023499199). 


stretches in a concave eastward arc, some 800 km long from 23° N to 27° 45’N, 
and rises gradually from about 240 m on its eastern edge to nearly 400 m at its 
western margin. Many of the inner outcrops in As Summan Plateau, often called 
As Sulb Plateau in its northern part, are low-dipping, Lower Tertiary limestones of 
the Umm er Radhuma Formation. Upper Tertiary sandstones and marls, or sand- 
stones and sandy limestones of the Lower Miocene Hadrukh Formation, also cover 
large areas, often with buttes, mesas and small tablelands (Fig. 17.21). 

As Summan Plateau covers a 74,394 km? area, to the north of Nisah-Durma 
(Mugharah) Graben. The low plateau extends SSW of this graben, with an addi- 
tional area of 15,694 km?. 


17.3.12 Ghawar-Shedgum plateau 


This north-south trending area covering the giant Ghawar Oilfield is distin- 
guished by almost continuous outcrops of Upper Miocene Hofuf Formation sandy 
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Fig. 17.21 The Summan or As Sulb Plateau, 12 km ESE of Ma’aqala in north-eastern 
Saudi Arabia just north—east of the northern Ad Dahna Desert. Here, the Lower Miocene 
Hadrukh Formation, forming the scarp and low tableland, rests disconformably on the 
Paleocene-Lower Eocene Umm er Radhuma Formation, with a duricrust of dark ferrugi- 
nous chert marking the disconformity. (Photo by H. S. Edgell). 


limestones and calcareous sandstones. They have two well-developed joint sys- 
tems, with major joints about 15 m apart, and weather irregularly into caves, or 
ghawar (literally aghwar), from which the area is named (Fig. 17.22). 

It is capped by a layer of calcrete duricrust, and has an elevation of 306 m in 
the south, falling to 260 m at the northern end. There is a steep, often cliffed, ero- 
sional escarpment all along the eastern margin, up to 90 m high, which is known 
as the Shedgum Escarpment. This escarpment is due to normal, fluvial, erosional 
processes, aided by strong vertical joint sets in the Hofuf Formation. This escarp- 
ment is such a striking feature, that it has been mistakenly taken as an ancient 
sea cliff and evidence of an old Quaternary sea level, some 150 m above present 
mean sea level (Felber et al., 1978; Holm, 1960, 1961). The correct explanation 
is given by Chapman (1971). A smaller escarpment, known as the Lidam 
Escarpment, extends north for 50 km from the northern end of the Shedgum 
Escarpment ending in Jabal al Lidam (lat. 26° 21’ 42” N; long. 49° 27’ 42” F). It 
has also developed in the Hofuf Formation, and in the underlying Dam Formation 
(Irtem, 1987). 
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Fig. 17.22 View of part of the eastern edge of the Ghawar-Shedgum Plateau showing 
strongly jointed sandstones of the Hofuf Formation, with some small caves. Geology stu- 
dents provide a scale. (Photo by H. S. Edgell). 
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Mountain deserts of Arabia 


18.1 DISTRIBUTION OF MOUNTAIN DESERTS IN 
ARABIA 


There are several mountainous areas in Arabia where rainfall is low, evaporation 
high, and the almost treeless, barren nature of the terrain clearly classifies them 
as deserts. The largest arid mountainous region is the Oman Mountains 
(Al Hajar), and the Palmyrides in Syria form a much less conspicuous range. 
Although not strictly a mountain range, the high escarpments of the Interior 
Homocline, in eastern Saudi Arabia, with the well-known Jabal Tuwaygq, or 
Tuwayq escarpment, are also included as mountain desert. Isolated mountain 
deserts, such as Jabal Sinjar in north—western Iraq, and Jabal ‘Abd al ‘Aziz in 
north-eastern Syria, are also included, while Mount Lebanon (Jabal Lubnan) and 
the Anti-Lebanon (Jabal Lubnan ash Sharqi) are also mentioned due to their cli- 
matic influence on the Syrian Desert, although they have relatively good rainfall. 
The total area of mountain desert in Arabia is about 50,000 km2, but only approx- 
imately half of the area of the Interior Homocline has been included, due to the 
often alluvial, or sand-filled, intervening valleys, between high escarpments. 


18.2 OMAN MOUNTAINS (AL HAJAR) 


The Oman Mountains, locally referred to as Al Hajar, form a crescentic arc of 
bleak, black, ophiolitic mountains, extending from just west of Ra’s al Hadd for 
550 km to the north—west (Fig. 18.1). 

Although the highest parts of the central Al Hajar at Jabal ash Sham (3,013 m) 
have brief winter snow, the majority of the mountain arc is bleak and arid below 
600 m, with average annual rainfall of less than 100-200 mm, and with only the 
central high part receiving over 200 mm. The major factor is the high evapo- 
transpiration, which is three to four times the annual precipitation. The Oman 
Mountain arc is 21,256 km? in area, comprising the 10,820 km? Al Hajar 
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Gulf of Oman 


Fig. 18.1 The Oman Mountains (Al Hajar) are seen here as areas of black ophiolitic 
rocks forming most of the mountain range, but tectonic windows like Saih Hatat Dome, 
with exposed Ordovician strata and Precambrian basement, appear as an oblique oval area 
in the mid upper right. Jabal al Akhdar Dome, with Palaeozoic and Precambrian expo- 
sures, is another tectonc window, which appears as a grey-rimmed oval in the lower cen- 
tre. Width of the mosaic is 340 Km. (NASA Landsat 7 mosaic from 2000 series, courtesy 
of nasa.gov/mrsid/mrsid.pl). 


al Gharbi on the west and the 10,436 km? Hajar ash Sharqi on the east. 
Geologically, the ophiolites of Al Hajar represent mid-oceanic rocks, peridotites, 
gabbros and lavas of an obduction zone. (Fig. 18.2). 

These have been thrust up, over the rocks of the continental shelf and slope of 
eastern Arabia, in the Late Cretaceous as the Sama’il Nappe, together with deep 
water sediments of the Hawasina Series (Glennie et al., 1974). Thrust sheets of 
obducted ophiolites, and deep marine sediments, have since been eroded through, 
revealing the underlying autochthonous sediments, which mostly range from 
Middle Permian (Kungurian) to Upper Cretaceous (lower Senonian) (Fig. 18.3). 

Beneath these, one finds Lower Ordovician strata (Amdeh Formation) in the 
tectonic window of Saih Hatat Dome (Lovelock et al., 1981), while Precambrian 
sediments and metasediments occur in the cores of Jabal Akhdar and Saih Hatat 
domes. 


Mountain deserts of Arabia 449 





Fig. 18.2 Ophiolite mélange in the Oman Mountains, north of Nizwa, interior Oman. 
Large blocks of limestone (olistoliths) rest on the Sama’il ophiolites. This is the ophio- 
olisto-silite association of Grunau (1965) (Photo by H. S. Edgell). 





Fig. 18.3 View of autochthonous Cretaceous limestones at Jabal Mahil in the Sama’il 
Gap in the Oman Mountains (Al Hajar) looking west. Allochthonous radiolarian cherts are 
seen at the foot of the mountains. (Photo by H. S. Edgell). 
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18.3 MUSANDAM PENINSULA AND THE 
RU’US AL JIBAL 


The rugged, mountainous, northerly directed Ru’us al Jibal (Fig. 18.4) extends to 
Ra’s Musandam, and consists of nearly 4,000 m of Permian to Lower Cretaceous 
limestones. Ru’us al Jibal is often considered a part of the Oman Mountain arc, 
but has its own distinctive geology, structure and geomorphology. Structurally, 
Ru’us al Jibal is a folded and faulted, parautochthonous block, and is a thrust up, 
near-edge slice of Arabian Platform sediments (Allemann and Peters, 1972). 
Rocks of the Ru’us al Jibal override the Late Cretaceous Juweiza Formation, as 
seen in the Hagil Window west of Ra’s al Khaimah. 

The Ru’us al Jibal and Musandam Peninsula are separated from the ophiolites 
of the Oman Mountains, to the south, by the NE-SW Dibba Zone (Searle, 1988), 
and from the sedimentary sequence of the UAE, to the west by the Musandam 
—Zagros hinge, sometimes called the ‘Oman Line,’ both zones being zones of deep 
basement faulting (Fig. 18.5). 

The main core of the Musandam Peninsula is known as the Ru’us al Jibal. It is 
strongly dissected, and rises to an altitude of height of 2,087 m in Jabal al Hartim, 
but the northern end of the peninsula is subsiding at a rate of 6 mm/year, and 
has subsided 60 m in the last 10,000 years, and 250 m since the end of the 
Pliocene (Vita-Finzi, 1973). This subsidence, together with sea level rise since the 
LGM, has drowned drainage in the northern Musandam Peninsula, causing an 
intricate pattern of deep inlets, best seen when Khawr ash Sham (Elphinstone 
Inlet), on the west, comes within 250 m of the head of Khawr Habalayn 
(Ghubbat al Ghazirah), on the east. The surrounding, well exposed, Mesozoic 
strata rise sharply from these inlets to elevations of 400-730 m (Fig. 18.6). 
Strong faulting, along north north-east, north-east and north—west trends, 
dissects the mountainous Ru’us al Jibal, and is evident on the satellite mosaic 
(Fig. 18.4). From a tectonic viewpoint, the whole Ru’us al Jibal-Musandam 
Peninsula constitutes a parautochthonous northern spur of Arabia, which has 
protruded into the fold ranges of north-eastern Iran, causing the abrupt termi- 
nation of the Zagros Ranges and their replacement by north-south folds of the 
western Makran, where both the stratigraphy and structure are markedly differ- 
ent. As the Arabian Plate has moved northward under-riding the Eurasian Plate, 
the north-eastern corner of the Arabian Plate has caused a strike-slip fault to 
develop in the western Makran, against the projecting Makran area, thus termi- 
nating the Zagros fold belt (Regard et al., 2004, 2005). 


18.4. MOUNTAINS OF WESTERN ARABIA 


Along the tilted up, western rim of Arabia, there are a number of conspicuous 
mountains, which stand above the general plateau surface. These include the 
highest mountain in Arabia, Jabal an Nabi Shu’ayb, rising above the Yemen 


Mountain deserts of Arabia 451 





| 


Fig. 18.4 The mountainous Ru’us al Jibal, of northern Oman, and the much embayed 
Musandam Peninsula at its NNE end, as seen from an Aster VNIR mosaic. Image width is 60 
km. (U. S. Geological Survey Aster VNIR images 003:2026066709, 003:2026066700, and 
003:2012745403). 
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Fig. 18.5 A tectonic interpretation of northern Oman (Ru’us al Jibal and Musandam 
Peninsula), in relation to salt plugs and folds in south-eastern Iran. Dotted fault lines 
across the Persian Gulf are inferred basement faults, explaining salt plug alignments. 
(Modified from a sketch map by the author 1965 and from Edgell (1996). 


Plateau to a height of 3,760 m. Farther north-west, in the Asir Plateau, isolated 
mountains rise well above the general plateau level, and Jabal as Sawdah reaches 
an elevation of 3,133 m in resistant Precambrian metamorphic rocks, being the 
highest point in Saudi Arabia (Fig. 18.7). 

Near the north—western end of the western Arabian escarpment, Jabal al Lawz 
rises sharply to a height of 2,580 m, in resistant granites of the highly dissected 
Midyan Mountains, or Ash Shifa’ (Kober, 1919). Tertiary strata are uplifted to 710 
m in Jabal Hamza (Bayer et al., 1987). 
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Fig. 18.6 The massive Jurassic-Lower Cretaceous Musandam Group limestones, above 
the village of As Seeb, at the head of Khawr ash Shamm (Elphinstone Inlet), in the 
Musandam Peninsula. (Photo in 2000 by geocities.com/Athens/Academy/5026/ 
MusandamtTrip.htm). 


18.5 MOUNTAIN ESCARPMENTS OF THE INTERIOR 
HOMOCLINE 


Five distinct mountain escarpments, or cuestas, occur in the North—eastern 
Interior Homocline east of the edge of the Arabian Shield. From NE-SW these are 
(1) Aruma Escarpment, (2) Tuwayq Mountain Escarpment, (3) Marrat 
Escarpment, (4) Jilh Escarpment and, the (5) Khuff Escarpment. 

The most prominent of these mountain escarpments is called Jabal Tuwaygq, 
formed by the resistant Upper Jurassic Tuwaiq Mountain Limestone (Fig. 18.8). 





Fig. 18.7 Jabal as Sawdah (3,133 m), the highest mountain in Saudi Arabia, in the Asir 
Highlands of south-western Arabia, 15 km north-west of Abha. The author seated on a 
jointed block of Precambrian Baysh Greenstone. (Photo by G. Edgell). 





Fig. 18.8 The Tuwaygq (Tuwaiq) Mountain Escarpment, in east-central Saudi Arabia, in 
the vicinity of Ar Riyadh. Image width is 155 km. (U.S. Geological Survey Landsat MSS 
image, annotated by the author). 
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It extends as a high escarpment from 70 km east of Buraydah at latitude 
26°30’N, and runs south-east for 270-30 km SW of Ar Riyadh, where it is cut 
by the Central Arabian Graben or Nisah-Durma Graben, also called the 
Mugharah Graben (Fig. 18.9). 

This mountainous escarpment has an elevation of 1,022 m, directly west of Ar 
Riyadh. It recommences immediately south of the Central Arabian Graben, and 
runs SSW for another 440 km, with elevations between 850 m and 1,060 m, 
until it is cut by Wadi ad Dawasir. South of this wadi, the escarpment reappears, 
trending N-S in Al Arid area, with elevations of 800-1,062 m, and extending 
into the south-western Rub‘ al Khali. 

Another, less prominent, mountain escarpment lies to the east of Ar Riyadh, 
and extends north-west from Al Kharj for 250 km, being formed by limestone 
and dolomite of the Upper Cretaceous Aruma Formation. It has elevations of up 
to 562 m. 

The Lower Jurassic Marrat Formation limestone beds also form a distinct 
110 km long escarpment, called Safra al Mustaw, 30-40 km south—west of the 
Tuwayq escarpment. It is best developed between Shaqra and Marah (lat. 25° 15’ 
N), reaching an elevation of 787 m, and can be seen in Jabal Kumayt, immedi- 
ately north of Marah (Marrat). 

Some 45 km to the south—west of the northern Tuwayq Mountain Escarpment, 
another lower escarpment is formed by resistant outcrops of the Triassic Jilh 
Formation. This rocky ridge is known as Safra al Asyah, and extends south—west, 
paralleling the northern Tuwayq escarpment for 250 km, almost to the Riyadh- 
Jiddah Highway with spot heights of from 630 to 715 m. 

The westernmost of the Interior Homocline escarpments is formed by the 
resistant Permian Khuff limestones, which have a remarkably continuous, 





Fig. 18.9 View of the south side of the Nisah-Durma (Mugharah) Graben, from the 
vicinity of Al Kharj, east-central Saudi Arabia. The fault scarp here exposes the Lower 
Cretaceous Biyadh Sandstone. (Photo by H. S. Edgell). 
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NW-SE outcrop from Wadi ar Rimah, just north of ‘Unayzah (lat. 26° N) to lat. 
24° N. This comprises the Khuff Escarpment, locally known as the Safra as Sark, 
with spot elevations of 647 m to 717 m (Fig. 18.10). 

Although the Ordovician Saq Sandstone crops out along the northern and 
north-eastern edge of the Arabian Shield, it does not form a distinct escarpment, 
but rather a series of hummocky plains with an occasional residual hills, such as 
Jabal Saq (lat. 26° 16’ 02” N; long. 43° 18’ 37” E), which has an elevation of 890 
m (Fig. 10.7). The total area covered by these escarpments, including their dip 
slopes, is over 50,000 km2. 


18.6 PALMYRIDES (PALMYRENE RANGES) 


The Palmyrides comprise a 400 km long and 100 km wide belt of transpressive 
fold ranges, rising 200-500 m above the surrounding plain (Fig. 18.11), and 
stretch north-east for 380 km, from the southern end of the Anti-Lebanon 
Mountains to the Euphrates Plain. From Late Permian to Late Cretaceous, an 
elongated sedimentary trough occupied the area of the present day Palmyrides. 
The fold ranges developed in the Late Cretaceous through Early Tertiary, from 





Fig. 18.10 View of the Khuff Escarpment, formed by the Permian Khuff Formation, in 
Safra as Sark, looking north-east, 100 km SSE of Buraydah, north-central Saudi Arabia. 
(Photo by H. S. Edgell). 
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Fig. 18.11 Satellite image of the Palmyrides (Palmyrene Ranges), with main topo- 
graphic features annotated. Image width is 260 km. (NASA Landsat 7 image 2000 series, 
courtesy of nasa.gov/mrsid/mrsid.pl). 


underlying normal and reverse faults caused by a right-lateral shear couple 
between the northern Syrian and southern Syrian blocks. Ad Daww Depression 
is younger, having formed in the Miocene, within a thickened sedimentary trough 
(Chaimov et al., 1993). 

The Palmyrides can be divided into the south-western Palmyrides, sometimes 
called Jabal ar Ruwaq, and the northern Palmyrides, being separated by the elon- 
gated 1,178 km? Ad Daww Depression, which extends towards Palmyra 
(Tadmur). The ranges of the south-western Palmyrides consist, from SW to NE, 
of Jabal Ma’lula 30 km long reaching 1,910 m, Jabal an Nasrani also 30 km long 
and up to 1,405 m high, and Jabal ash Sharqi, 60 km long and 500 m to over 
1,000 m high, ending near Palmyra (Fig. 18.12). 

The northern Palmyrides begin about 60 km east of Homs (Hims), and run from 
SW to NE. They include Jabal ash Shumariyeh, 20 km long trending NNE mostly 
over 1,000 m, Jabal Bil’as, 30 km long also NNE trending and up to 1,098 m high, 
Jabal Sha’ir, 15 km long and up to 1,278 m high, Jabal Buweida, 45 km long and 
reaching 1,391 m and Jabal Bishri, 50 km long and up to 851 m high. Jabal Bishri 
ends at the Euphrates Plain, 35 km west of Dayr az Zawr (Deir az Zor). 
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Fig. 18.12 The SW-Palmyrides, as seen from the ruins of Palmyra (Tadmur), showing 
Cretaceous limestone hills near the north-eastern end of Jabal ash Sharqi. (Photo by H. S. 
Edgell). 


The climate of in the Palmyrides is described as ‘Mediterranean,’ with rain in 
winter and a prolonged dry summer. All the Palmyrides receive less than 200 mm 
of average annual rainfall, and the eastern part of the south-western Palmyrides 
receive less than 100 mm. The entire Palmyrides are arid, with sparse vegetation, 
and are considered as mountain desert. 

The various ranges of the Palmyrides cover approximately 18,000 km, exclud- 
ing intermontane depressions. 


18.7 JABAL SINJAR 


Jabal Sinjar forms a 75 km long, fault propagated, anticlinal uplift, in the north- 
ern steppe of north—western Iraq, and is cored by Cretaceous strata, surrounded 
by Paleogene limestones, with an outer sheath of Miocene beds (Fig. 18.13). It 
forms a desert mountain, rising to an elevation of 1,463 m, and originated by 
structural inversion during the Cenozoic, especially during the Plio-Pleistocene. 
The main part of this isolated mountain range is 43 km long, and some 8 km 
wide. It extends westward into Syria as Jabal Jeribe. 

A satellite view of Jabal Sinjar gives a clear impression of its prominence in the 
north-western plains of Iraq, as well as its structure (Fig. 18.14). 
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Fig. 18.13 View of Jabal Sinjar, looking south-east from near the crest, and showing 
the basic anticlinal structure of the core, with Cretaceous limestones exposed. (Photo from 
babylon-festival...iraqpictures-jebels). 





Fig. 18.14 Jabal Sinjar, an E-W trending mountain, rising above the alluvial plains of 
north-western Iraq, caused by a fault propagated, double plunging anticline. It exposes 
Cretaceous strata in its eroded core, and is sheathed by Tertiary limestones. Image width is 
85 km. (NASA Landsat 7 image 2000 series, courtesy of nasa.gov/mrsid/mrsid.pl). 
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18.8 JABAL ‘ABD AL ‘AZIZ 


Jabal ‘Abd Al Aziz is another isolated, E-W trending, fault induced, anticlinal uplift 
rising out of the steppes of north-eastern Syria to a height of 940 m. It is some 40 
km long and 5 km wide, being cored by Cretaceous rudist limestones, surrounded 
by Paleogene limestones, and with outer exposures of Miocene age. Ponikarov 
et al., (1967) report tectonic wedges of Carboniferous in the core of Jabal ‘Abd al 
Aziz. This anticlinal range is downfaulted on the northern side. Both Jabal ‘Abd al 
‘Aziz and Jabal Sinjar stand in structural contrast to the lattice network of NE and 
NW fracture pattern of the rest of north-eastern Syria. They are linear, fault prop- 
agated anticlines, which developed due to structural inversion along basement 
faults, primarily during the Plio-Pleistocene (Brew et al., 1999). 


18.9 MOUNT LEBANON AND THE ANTI-LEBANON 


Mount Lebanon, and the ranges of the Anti-Lebanon, including Jabal ash Shaykh 
(Mt. Hermon), are basically NNE trending, horst-anticlines separated by the 
largely alluvium filled, graben-syncline of the Beqa’a Valley. Mount Lebanon itself 
rises to an altitude of 3,087 m in Al Qurnat as Sawda (Fig. 18.15), although this 
horst-anticline changes southward into the large, east dipping flexures of Jabal 
Barouk and Jabal Niha (Edgell, 199 7b). 

East of the Beqa’a (Biqa), the Anti-Lebanon is also a horst-anticline (Fig. 18.16), 
but is separated by a saddle from the 2,814 m high Jabal ash Shaykh, which is 
downfaulted along its eastern side. 

Although considerable up-arching, and block uplift of the Lebanese ranges 
occurred in the Late Jurassic and Early Cretaceous, the most active uplift was 
from Miocene through Pliocene, due to major left-lateral movement along the 
Dead Sea Transform Fault, resulting from the opening of the Red Sea Rift. The 
Mount Lebanon and Anti-Lebanon receive good mean annual rainfall, above 
1,500 mm in the higher parts of Mt. Lebanon, over 1,000 mm in Jabal ash 
Shaykh, and more than 600 mm in most of the Anti-Lebanon. They are, 
therefore, not mountain deserts, and are included here because of their cli- 
matic influence on interior Syria and Jordan. During the LGM, there were gla- 
ciers both on Mount Lebanon down to 2,500 m (Klaer, 1957), and on Jabal 
ash Shaykh (Fig. 18.17), so that temperatures, in the nearby deserts and 
desert lakes of Syria and Jordan were at least 6—7°C lower than at present, 
with much stronger winds blowing eastward from these Mediterranean 
mountains. 

A much stronger climatic influence on Arabia during the Late Pleistocene 
Wiirm/Wisconsin glacial was exerted by the presence of multiple glaciers along 
the Taurus Ranges of southern Turkey, and in other parts of Turkey (Kurter, 
1991), as well as in the Zagros Ranges of southern Iran, where glaciers still exist 
(Fig. 18.18). 
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Fig. 18.15 View of snow-capped Mount Lebanon at Jabal Sannin (2,695 m), in central 
Lebanon, looking north-east. (Photo by H. S. Edgell). 
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Fig. 18.16 View of part of the Anti-Lebanon Range, looking north from the Damascus- 
Beirut road. (Photo by H. S. Edgell). 





Fig. 18.17 View of the 2,814 m high, snow-capped Jabal ash Shaykh (Mount Hermon), 
looking south-east from Machghara in Lebanon. The Syrian/Lebanese border runs along 
the crest of the mountain. (Photo by H. S. Edgell). 
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Fig. 18.18 View of part of the 4,568 m high Zard Kuh, looking south, and one of its 
four glaciers, in the High Zagros of southern Iran during the summer. In winter, this whole 
area of the Zagros is covered by at least 6 metres of snow. During the Pleistocene glacial 
intervals, such areas of expanded, perennial ice had a strong influence on Arabian cli- 
mate. (Photo by H. S. Edgell). 
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Dating methods as applied to 
Arabian deserts and deposits 


In the last 50 years, great advances in dating techniques have provided the bases 
for a chronology of Arabian deserts, and their surroundings. There are many 
gaps in our knowledge of the history of these deserts that still need to be filled, but 
the basic framework of their development is now established. Dating methods 
used for, or applicable to the deserts of Arabia are discussed below. 


19.1 RADIOMETRIC METHODS 


19.1.1 Carbon-14 method 


This method is essentially a cosmogenic method, as it depends on the creation of 
the radioactive isotope 14C in the atmosphere from 14N, when atoms of the latter 
are struck by cosmic rays. The radioisotope of carbon produced combines with 
oxygen to form CO,, which falls in rain, so that the 14C becomes incorporated in 
plants and animals, soil and water. The first useful clues to the ages of lake beds 
found within the dunes of the Rub‘ al Khali (McClure, 1976, 1978, 1984), and 
within dunes of An Nafud (Whitney et al., 1983), were provided by Carbon-14 
dating (Fig. 19.1). Old lake beds in the south-western Rub‘ al Khali were found to 
belong to two different wet periods. The younger lake beds were dated by 27 sam- 
ples, ranging from 9,605 + 125 to 6,100 + 70 BP, and clearly lie within the 
‘Neolithic Wet Phase’ of the Early Holocene. Older, more extensive, Late Pleistocene 
lake beds gave !4C ages from 32,140 + 850 to 17,460 + 245 BP (a few extreme ages 
were 36,300 + 2,400 and 14,965 + 195 BP). Thus, the south-western Rub‘ al 
Khali dunes were known to be older, at least, than these ancient lake beds. 

Two sets of old lake beds have been identified by Whitney et al., (1983), from 
between the dunes of An Nafud and the nearby Nafud al ‘Urayq, which yielded sim- 
ilar 14C ages, namely 8,440 + 90 to 5,280 +100 BP for the Early Holocene 
ephemeral lakes, and 27,570 + 500 to 24,340 + 300 BP for the larger, Late 
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Pleistocene lake beds. A few radiocarbon ages were also recorded from a small Early 
Holocene palaeolake in Wadi ad Dawasir, as 9,790 + 250 BP for marsh deposits, and 
8,025 + 260 BP for Melanoides tuberculata shells there (Zarins et al., 1979). Wild 
camel footprints have been noted in lake bed sediments with Melanoides tuberculata 
from ‘Urug Bani Marid, just east of Al Arid scarp in the south-western Rub‘ al Khali, 
with !4C ages of 28,700-29,500 and 34,800- 40,450 BP, placing the presence of 
the camel clearly in the Late Pleistocene (Potts, 2001). At Al Hawa palaeolake site, 
in the Ramlat as Sab’atayn, a radiocarbon age of 8,700 + 100 BP has been obtained 
from organic (algal) material, while Melanoides tuberculata shells gave '*C ages rang- 
ing from 7,215 + 80 to 7,800 + 80 BP (Lézine et al., 1998). In the Dhamar Plateau 
of interior north-eastern Yemen, a peat suggesting moister Early Holocene condi- 
tions gave a 14C age of 9,820 + 60 (Davies, 2003), while marsh/lacustrine deposits 
at Qa‘ Jahran, 30 km NNW of Dhamar, have radiocarbon ages between 7,200 + 90 
and 4,350 + 80 BP (Wilkinson, 1997). Interestingly, the latter marsh/lacustrine 
ages extend somewhat beyond the general onset of Holocene aridity in Saudi Arabia. 
The onset of this extremely arid phase is usually placed at 5,500 years BP, although 
radiocarbon dating of deposits left in caves of the Hadramawt by the rock hyrax 
(Procavia capensis) suggests that maximum Holocene aridity began 5,000 years ago, 
and extended to 2,500 years BP (Cole et al., 2001). 

There are numerous !4C dates from desert areas of northern Arabia, many 
being connected with archaeological investigations. In the Hadramawt, studies of 
slab-lined houses near ancient check-dams have been dated by 14C to ~6,500 
years BP (McCorriston and Oches, 2001). One of the earliest '*C dates was in 
Arabia that of 9,910 + 110 BP, obtained from a freshwater peat recovered from a 
core at a depth of 34 m below sea level in the northern Persian Gulf offshore from 
Al Faw (Godwin et al., 1958), giving an early indication of the extent of sea level 
retreat during the Early Holocene. 

Almost all the sedimentary basins underlying Arabian deserts contain ‘fossil’ 
groundwater stored there during intervals of greater rainfall. The 14C dating of 
carbonates in these groundwaters provides an insight into palaeoclimates of the 
later part of the Quaternary. In the Eastern Province of Saudi Arabia, the major 
Paleogene Umm er Radhuma aquifer contains groundwater dated at between 
28,000 and 20,000 years BP (Edgell, 1988, Edgell et al., 1990), while investiga- 
tions by the BRGM (1977) of fossil water in this aquifer concluded that it accu- 
mulated during a wetter interval from 30,000 to 50,000 years ago. Radiocarbon 
dating of groundwater in the Umm er Radhuma aquifer in the Ma’aqala- 
Shawiyah area (As Summan/As Sulb Plateau), where the Umm er Radhuma is 
exposed and karstified, gave an age of 12,000 years BP (Backiewicz et al., 1982), 
probably due to dilution during the ‘Neolithic Wet Phase’ and limited karstic 
recharge in the few exceptional rainy years. Groundwater from the Ordovician 
Saq aquifer in north-eastern Saudi Arabia is 14C dated as 20,400 + 500 BP, while 
that from the Upper Triassic/Lower Jurassic Minjur aquifer near Ar Riyadh gave 
an age of 24,630 + 500 BP, and groundwater from the Lower Cretaceous Biyadh 
aquifer at Abqaiq was dated as 22,300 + 500 BP (Thatcher et al., 1961). 
Groundwater from water wells in the western Rub‘ al Khali (ST-7 and ST-13), 
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from Jurassic/Cretaceous and Ordovician aquifers, yielded 14C ages in excess of 
33,000 years, suggesting an age closer to the time of recharge, near the begin- 
ning of the Late Pleistocene wetter interval. 

In northern Oman, numerous hyper-alkaline springs, emanating from 
groundwater, occur along the flanks of the Oman Mountains (Al Hajar). Carbon- 
14 dating of the carbonate deposits from these springs has enabled a reconstruc- 
tion of the regional palaeoclimate for the last 35,000 years (Clark and Fontes, 
1990). Results from 42 samples were normalized to 643C = —25%, according to 
e€!4C = 2.3 eC, and showed that a wet climate prevailed from >35,000 to 
19,000 years BP, followed by hyper-aridity from ~16,300 to 13,000 years BP, 
and then an Early Holocene wetter phase from 12,500 to 6,500 years BP, after 
which the climate deteriorated to the current hyper-arid phase. No travertine 
samples earlier than 35,000 years BP could be found in northern Oman. 

In the western part of Abu Dhabi Emirate, radiocarbon dating of groundwater 
has also shown elevated groundwater table conditions during the ‘wetter’ Early 
Holocene interval from 6,000 to 9,000 years BP, and also a wetter interval in the 
Late Pleistocene from 19,000 to 33,000 years BP (Wood and Imes, 2003). 

The problem with 14C dating is that the relatively short life of 5,730 years for 
this isotope of carbon, does not allow accurate dating beyond ~50,000 years BP. 
Errors can result from bulk sediments, ‘dead carbon’, reservoir effects, contami- 
nation by leaching, and reworking. On the other hand, laboratory methods have 
become increasingly sophisticated by the use of modern mass spectrometers and 
microprobes. The accuracy limits for each 14C date must also be clearly stated, 
and Jäkel (2004) remarks on the misuse of poorly controlled radiocarbon dates. 


19.1.2 Tritium method 


Tritium or H? is produced continuously in the atmosphere by cosmic rays acting on 
nitrogen. It has a relatively short half-life of 12.4 years, so that it is only used to date 
processes on a time-scale of less than 100 years. Groundwater from wadi gravels in 
the central region of Saudi Arabia gave values of 3.7, 3.8 and 5.2 Tritium units (TU), 
and is considered to be of the order of 10-years old (Thatcher et al., 1961). 
Groundwater that contains no tritium is inferred to have infiltrated prior to 1953. 
Due to the testing of nuclear weapons in the late 1950s and early 1960s, a great peak 
of tritium was produced, but nuclear weapons testing basically ceased after 1963, so 
that this peak of ‘bomb tritium’ is used as a tracer in studying young groundwater, 
and helping to determine flow rates, directions, recharge and mean residence times. 
Dincer et al., (1974) used thermonuclear tritium to calculate recharge in Ad Dahna 
sand dunes, which they estimated to be 19 mm in the period 1964-1973. 


19.1.3 Uranium-Thorium method 


The uranium-234/thorium-230 method has proved to be an excellent way to extend 
beyond the ~50,000 year range of 14C dating, although it has a limit of 500,000 
years for speleothems (Ayliffe et al., 1997). It is especially applicable to dating 
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stalactites, stalagmites and other cave deposits, as well as coral and tooth enamel, 
while dating of animal and human bones is more problematic as they are suscepti- 
ble to contamination from the soil around them. This method tells when the forma- 
tion of cave speleothems occurred, and when the intervening Quaternary wetter 
phases took place. Edgell (1989a) made an early reconstruction of the Quaternary 
palaeoclimate of Arabian deserts using U/Th age determinations from cave deposits 
in As Summan Plateau (Fig. 19.1). 

Some spectacularly detailed work on speleothems from proxy sites in Oman, 
Soqutra, Saudi Arabia and Yemen has been carried out by Fleitmann et al., (2001, 
2002, 2003 and 2004) and Burns et al., (2001, 2002 and 2003). This has provided 
an accurate analysis of Quaternary palaeoclimate in the southern half of Arabia for 
the last 425,000 years (Figs. 19.2 and 20.6). Similar oxygen isotope studies of 
speleothems from a cave in western Jerusalem (Fig. 19.3) have been conducted by 
Frumkin et al., (1999). Recent high resolution speleothem dating from Kahf Defore, 
in southern Oman, has enabled annually resolved dates showing that the onset of 
present-day arid conditions began precisely 685 years ago (Fleitmann et al., 2004a). 

In addition, Late Quaternary reefs along the Saudi Arabian coast of the Red Sea 
have been dated by the U/Th method, demonstrating the presences of reef terraces 
of three ages, the youngest being dated as 86,000—118,000-years old and the 
middle terrace 200,000—205,000 years BP, while the highest and oldest is consid- 
ered to be 290,000-340,000 years BP (Dullo, 1990). No datable material has so 
far been obtained from the oldest terrace, where dates are interpreted from known 
intervals of high sea level. Uranium—thorium dating of human and animal bones 
can also be carried out, but require careful analyses, as bones may accumulate too 
much uranium from the surrounding sediment, and then appear too young, or 
may lose uranium to the sediment, or absorb thorium, thus giving an older age. 


19.1.4 Uranium-—Protactinium method 


Uranium-235 (?3>U) decays to protactinium-231 (?3!Pa) with a half-life of 32,700 
years. Although 235U is much less abundant in nature than ?38U, modern mass 
spectrometer measurements make this method quite practical, and it is often used 
as a countercheck on uranium-thorium dates. It is applicable to sediments 
between 10 and 200,000 years, and Edwards et al., (1997) proved that a variation 
of this method is especially useful in dating Quaternary carbonates, and deducing 
Quaternary climatic and sea level changes. They made measurements of protac- 
tinium-231 in the carbonates by thermal ionisation mass spectrometry yields, and 
found the method ten times more accurate than decay counting. This method is 
not known to have been used yet for the Quaternary sediments of Arabia. 


19.1.5 Potassium-dating 


The decay of the radioactive isotope of potassium (K*°), with a half-life of 1.25 bil- 
lion years, into argon-40 (Ar*°) provides a useful way of measuring rocks, which 
have once been molten, since the potassium—argon clock is reset when an igneous 
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GEOLOGICAL {| CHRONOLOGY {| CLIMATIC 


EPOCH IN YEARS BP PHASE EVENTS IN RUB’ AL KHALI 
0. 700 HYPERARID | CONTINUED MOVEMENT OF HIGH 
CRESTED DUNES. 
AND OTHER GEOGRAPHERS 
MOIST AND OTHER GEOGRAPHERS. 
DUNE MOVEMENT. 


1,400 - 2,100 SLIGHTLY SABEAN KINGDOM FLOURISHED 
MOIST AND ALSO KINGDOM OF KINDA 
AT QARYAT AL FAU (AL-ANSARY, 
1982). 


DUNE MOVEMENT 
HOLOCENE 5,000 - 5,500 SLIGHTLY NEOLITHIC CAMP SITE IN SW 
MOIST RUB‘ AL KHALI 5120 YEARS BP 
(FIELD, 1956). i 
HYPERARID | HIGH CRESTED DUNES; ‘IRQS AND 
INTERDUNE CORRIDORS. 


a 


6,000 - 10,000 WET “NEOLITHIC WET PHASE” LAKES 
(PLUVIAL) IN SW RUB' AL KHALI (C14 
DATING OF ORGANIC REMAINS 
AND SINTER). j 


10,000 - 17,000 HYPERARID DUNE TOPOGRAPHY AND 
LONGITUDINAL DUNES EXTENDED. 





17,000 - 36,000 | WET LAKES IN THE SW RUB AL KHALI, | 
| (PLUVIAL) ARABIAN GULF DRY, DUETO 
LOWERED SEA LEVEL OF THE 

LAST GREAT ICE AGE 
(C14 DATING OF ORGANIC 
REMAINS AND SINTER). 

LATE 36,000 - 70,000 | ARID MAIN MOVEMENT OF SAND FROM 

PLEISTOCENE OLD WADIS IN THE SHRUNKEN 
ARABIAN GULF. 

70,000 - 270,000 | MOIST EARLY PHASE OF WURM GLACIAL 
& RISS-WURM INTERGLACIAL 
(U/Th ISOTOPE DATING). 
SUMMAN PLATEAU CAVES DRY. 


325,000 - 560,000 |} WET ACTIVE KARSTIFICATION & CAVE | 
FORMATION IN SUMMAN 
MIDDLE PLATEAU (U/Th ISOTOPE DATING). 


PLEISTOCENE 560,000 - 700,000 } ARID BEGINNING OF LOW DUNES (02 
ISOTOPE EVIDENCE OF WARMER 


CLIMATE). 
700,000 - WET HUMID EARLY QUATERNARY DRAINAGE 
EARLY 1,610,006 + (PLUVIALS SYSTEMS IN THE RUB’ AL KHALI. 
PLEISTOCENE (possibly to LARGE ALLUVIAL FANS FORMED 
-2,560,000} (O> ISOTOPE EVIDENCE OF 
COOLER CLIMATE). 


Fig. 19.1 An early attempt at Quaternary palaeoclimate reconstruction for Ar Rub‘ al 
Khali from U/Th and !4C speleothem dating in As Summan caves [based on isotope age 
determinations by Geyh and Hennig, 1988, and Rauert, 1988, in Edgell (1989a)]. 
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Fig. 19.2 U/Th dated 8180 speleothem record of palaeoclimate changes over the last 
425,000 years from caves in Soqutra (top left rectangles), southern Yemen (black rectan- 
gles) and Oman (dark grey rectangles) [After Fleitmann et al., 2001]. Figure-4, reproduced 
by kind permission of D. Fleitmann and A. Matter). 
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Fig. 19.3 170ka6!80 record for speleothem from a west Jerusalem cave dated by Th/U 
TIMS, with marine isotope stages and sub-stages numbered. (Reprinted from Quaternary 
Research, Vol. 51, 1999, 317-327, Figure 7, Frumkin et al., © (1999) with kind permission 
from Elsevier). 


rock is formed, and also since potassium is among the commonest rock-forming 
minerals. The potassium—argon method can be used on rocks as young as a few 
thousand years, and also on the oldest known rocks. This method has been used 
extensively in dating the many volcanic flows poured out along the northern and 
western parts of Arabia during the Cenozoic to form areas of harrah, which com- 
prise barren rocky deserts. The potassium—argon method has been used to date rocks 
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as young as 390 ka, and a young Olduvai tuff, overlying sediments with Chellian 
tools, gave a date of 500 ka. It is also used to date the numerous, old, igneous intru- 
sive and metamorphic rocks of the Arabian Shield. Separate time-scales can now be 
established for the volcanogenic rocks of Saudi Arabia, Yemen, Jordan and Syria. 


19.1.6 *°Argon/?*?Argon dating 


The ratio of these two isotopes of argon can be used to date rocks accurately 
beyond a minimum age of 10,000 years. This technique is now automated in lab- 
oratories of the U. S. Geological Survey, and is used to date mineralisation, 
emplacement of igneous and metamorphic rocks and timing of evaporite forma- 
tion, as well as ages of volcanic terrains. Good results are obtained for material 
with feldspars, especially sanidine and anorthoclase, where the accuracy is 
0.1-0.2%. Other materials are also used, such as hornblende, muscovite, potash 
rich evaporites, anhydrous glasses, basalt, and whole rock. 


19.1.7 Rubidium-Strontium method 


The radioactive isotope rubidium-87, with a half-life of 48.8 billion years, decays 
very slowly into strontium-8 7. This method is mostly applied to date rocks older than 
100 million years, especially old intrusive rocks, such as those forming the rocky 
desert of the so-called Najd Pediplain. The rubidium-strontium method has been 
extensively used by the U. S. Geological Survey (USGS) and Bureau de Recherches 
Géologiques et Miniéres (BRGM) to date the rocks of the Arabian Shield, often 
together with the potassium—argon method as a double check. It is one of the sim- 
plest methods using modern mass spectrometers. The contamination by common 
strontium is often large, and a graphical technique is used to obtain the correct age. 


19.1.8 Uranium-Lead method 


The radioactive isotope uranium-238, with a half-life of 4.5 billion years, decays 
to lead-206. Although, the first method ever used to obtain a radiometric age, this 
method is now not so widely employed, as it is necessary to detect the amount of 
contamination of radiogenic lead by common lead, and also to discriminate the 
other accompanying series, such as uranium-235 decaying to lead-207. This 
method has an age range from 3.8 billion to 65 Ma, and is mainly used to date 
emplacement of igneous and metamorphic rocks. 


19.1.9 Lead-210 (7!°Pb) dating 


A radioactive isotope of lead (7!°Pb) occurs naturally in rocks containing ura- 
nium-238 (738U), of which it is a decay product. It is also created in the atmos- 
phere from radon, so that 7!°Pb falls from the atmosphere and is stored in soils, 
sediments and the ice of glaciers. 7!°Pb has a short half-life of 22.3 years and can 
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be used to determine sediment ages in the range 10-200 years, so that it is 
applicable to the dating of recent sediments. 


19.1.10 Deuterium—Hydrogen method 


The ratio of the two stable isotopes of hydrogen, deuterium 7H and protium 'H, 
when reported relative to the VSMOW standard reference water, can be used to 
calculate recharge, and are usually plotted against oxygen-18 (180). This method 
was applied by Dincer et al., (1974) to sand dunes of Ad Dahna, who found that 
the sand dune moisture was marked by enrichment of both deuterium and oxy- 
gen-18. They concluded that moisture from the sand dunes could act to recharge 
underlying aquifers, if the latter were found to also be enriched in deuterium, 
which is not the case, as underlying aquifers contain groundwater tens of thou- 
sands of years old. The deuterium method has been used in combination with 180 
elsewhere, with good results, and a automated system has been developed for 
analysing hydrogen isotopes in water (Vaughn et al., 1998). Deuterium, in the 
form of heavy water D,0O, has also been used as a tracer in movements of ground- 
water and soil moisture. 


19.1.11 Caesium-137 method 


The fallout radionuclide caesium-137 (1?”Cs) can be used, over a short period of 
< 60 years from present to establish a short chronology, and has been applied 
mostly in the study of soil erosion problems. 


19.1.12 Cl-36, Be-10 and Al-26 cosmogenic isotope dating 


Radioactive isotopes of chlorine, beryllium and aluminium are produced when 
suitable exposed rock types are subjected to bombardment by cosmic rays. These 
are the long-lived radioisotopes *°Cl, 1°Be and 2°Al, which can be used to deter- 
mine when a surface was first exposed after glacial retreat, or in studies of land- 
form evolution, as well as in hydrological investigations. 


19.1.13 Fission track dating 


Spontaneous fission of uranium-238 impurities causes the formation of minute, 
sub-microscopic damage tracks in materials, such as hornblende, apatite, zircon, 
sphene, muscovite, olivine and natural glasses (obsidian, pitchstone). These fission 
tracks are at an atomic level, and special techniques of etching have been developed 
to enable them to be detected. Fission tracks are created at a constant rate through- 
out time, so that it is possible to determine the amount of time that has passed since 
the mineral formed by counting the number of tracks present. Modern rapid tech- 
niques developed in Australia have made rapid fission track dating possible, 
although it is still only applicable to crystal material from igneous materials. 
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A volcanic tuff (Bed 1) in Olduvai Gorge was dated independently by both potas- 
sium—argon method, and fission track dating to give an age of 1.75 Ma BP. 


19.1.14 Thermoluminescence (TL) dating 


Thermoluminescence depends on the fact that buried materials are exposed to a 
constant flux of ionising radiation, some from naturally occurring radioactivity, 
and some from cosmic radiation. If the material is heated, its electrons fall back 
to their original position, and a very small amount of light is detected. When 
heated in a laboratory furnace with a very sensitive light detector, this light is 
recorded. Comparison of the amount of light measured with the material’s natu- 
ral radioactivity rate allows its age to be determined. Thermoluminescence dating 
can be applied to flint, speleothems, loess, volcanic ash and glass, sediments and 
even pottery, although the method is limited to between 300 and 500,000 years, 
generally less than 150,00 years for sediments. Flint artifacts from the Jerf (Jarf) 
al Ajla Cave, in the Palmyra district of Syria, have been dated by TL dating, with 
ages from 31.0 + 3.4 to 42.6 + 5.8 ka BP, giving a weighted mean of 35.4 +3.4 
ka BP for these Mousterian artifacts (Julig et al., 1999). They note that only those 
artifacts having a prehistoric heating of >400° C were satisfactory for TL dating. 
In simplified form, the TL age equation is: 


Equivalent Dose (Gy) 
Absolute Radiation Dose (Gy a`!) 





TL Age = 


where the Equivalent Dose is the radiation dose absorbed by the sediment grain or 
crystal since its last exposure to light, and Gy = gray, where 1 Gy = 1 J/kg. 

Thermoluminescence dating of intervals of sand movement, and linear dune 
formation in the eastern Sinai Desert, based on the presence of stone artifacts 
within or below sand dunes, and on sand and silt samples, was conducted by 
Rendell et al., (1993). Sand and silt samples were treated to remove carbonates, 
and feldspar grains were preferentially separated. Interdune sediments were 
shown to have been deposited from at least 43 ka until 9 ka BP, while dune flanks 
have been effectively stabilised for the last 6-19 ka BP. 


19.1.15 Luminescence dating 


Optically stimulated luminescence (OSL) is a relatively new approach to dating, 
since 1985, and is especially useful in dating desert deposits rich in quartz and 
feldspar, which were undateable by conventional radiocarbon methods. These 
sediments can now be given absolute ages, within the range of 100 to 500,000 
years, making the method particularly suited for palaeoclimatic research and 
archaeological investigations. Low amounts of uranium, thorium and potassium 
are contained in sediments, which undergo a constant flux of ionising radiation. 
This radiation is absorbed and stored by the sediments, so that with artificial 
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stimulation, the stored radiation can produce measurable luminescence. Aeolian 
sediments are very suitable, as they have been exposed to sunlight and then 
buried. Each sample is prepared and cleaned to the appropriate grain size fraction, 
under darkroom conditions. Measurements of luminescence can be made using 
optically stimulated luminescence (OSL) or stimulation with infrared light (IRSL), 
or with green light (GRSL). This method depends on the solid-state properties of 
mineral grains, rather than the isotopic decay of constituent elements. The time 
elapsed since sediment grains last saw sunlight is measured by the luminescence 
signal determining De that it represents, and estimating the exposure rate of the 
sediment to ionising radiation since burial or the dose rate Dr. Burial rate of well- 
bleached grains is given from the equation: 


De(Gy) 
Burial Age(years) = Dr(Gy a7) 
Luminescence dating has been used to determine the ages of desert dunes in the 
UAE and Oman by Juyal et al., (1998), Lancaster et al., (2003) Bray and Stokes 
(2003, 2004) and Stokes and Bray (2005). It has also been used by Goodall (1995) 
to date fluvial sand from the Sabkhat Matti area; by Preusser et al., (2002) for the 
Ramlat Al Wahibah; and by Al-Juaidi et al., (2003a) to date four separate outwash 
deposits, in Al Harmaliyah area of the central Arabia. Optically stimulated lumi- 
nescence dating of the oldest check-dam site found in the Hadramawt, at 7,300 + 
1500 years BP, proves the antiquity of this agricultural technique (McCorriston 
and Oches, 2001). Luminescence age determinations have already established a 
chronological framework for the northern Rub‘ al Khali and Ramlat Al Wahibah, 
proving that desert conditions date back as far as 354 + 57 ka years in dune sands 
within an alluvial fan in interior Oman, and indicating that some near coastal 
dunes are as young as 1.09 + 0.05 ka (Goudie et al., 2000), while 72 m of a cored 
dune in Al Liwa’ accumulated from 6.8 to 3 ka (Bray and Stokes, 2003). Recent 
OSL studies of up to 104 m of cored dune sands in Al Liwa’ region of interior of UAE 
show that they mostly formed in the Late Pleistocene between 16.9 -130 ka BP 
(Stokes and Bray 2005). Much work remains to be done, especially on the larger, 
and presumably older, dunes of the Rub‘ al Khali in Saudi Arabia, but we now have 
a dated scale for dunes in several parts of Arabia based on direct luminescence 
determinations, rather than on interpolation from dated lake deposits within 
the dunes, or from knowledge of wetter Quaternary climatic conditions based on 
speleothems dating. The optical dating of the aeolian sequence in Ramlat al Wahi 
bah (Preusser et al., 2002) now provides a clear picture of desert events in that 
desert and provides a comparative chronology for arid intervals in nearby deserts. 


19.1.16 Electron spin resonance (ESR) dating 


Electron spin resonance is another trapped charge dating technique, which is 
especially applicable to the dating of tooth enamel, although it can also be applied 
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to date secondary carbonates, as in speleothems and coral reefs, as well as burnt 
flint. This method has largely been developed in the last 15 years, and can now be 
extended back to 2 Ma ago. In Arabia, this method was used on a tooth from 
Qaryat al Fau, the centre of the old Kingdom of Kinda, which was dated as 4 AD, 
or 2 ka BP (Hefne et al., 2002). In northern Arabia, ESR dating has been applied 
to tooth enamel in archaeological investigations of Neanderthal remains in 
Tabun Cave, northern Israel, which are more than 100,000 years old, and at 
Qafzeh remains of Homo sapiens have been given a date of 110,000 years BP 
(Grün et al., 2000). Even older human remains can be expected in Arabia follow- 
ing the recent discovery of remains of Homo sapiens in beds 195,000 years old at 
Kibish in adjacent south—west Ethiopia (McDougall et al., 2005). 


19.1.17 Cation ratio dating 


Cation ratio dating has been applied to rocks with a modified surface, especially 
rock varnish, which is a chemically altered layer that builds up from dust over 
time on rock surfaces in deserts. This method is used to determine the age of pet- 
roglyphs, or other features with distinct rock varnish. The cation ratio is deter- 
mined by scraping the varnish back to the original rock surface, and then 
comparing the fresh surface and varnish using a positively charged ion. This is 
only a relative dating method, and is not considered to be an accurate means of 
dating. Attempts have been made to construct rock varnish dating curves, but the 
method can as yet only indicate age ranges, such as 75-135 or 500-700 ka. 

In Arabia, this method has been used for desert varnish in the Ramlat as 
Sab’atayn, where calculations from the (K** Ca,*): Ti4* ratio gave ages ranging 
from 30 to 200 ka BP (Coque-Delhuille, 2000). 


19.2. INCREMENTAL METHODS 


19.2.1 Dendrochronology 


Dendrochronology or tree-ring analysis, is a well-established method of counting 
the annual tree rings, which can also show climatic variations. The C dating 
method has been calibrated back to 6,000 years ago, against tree-rings of the 
bristle cone pine of the western United States. In Arabia, there are a number of 
possibilities for dendrochronology and palaeoclimate interpretation with regard 
to the Late Holocene, provided by the more than 1,000-year-old Cedrus libani or 
Cedars of Lebanon, which grow to a height of over 24 m. Studies of the moun- 
tain juniper tree, Juniperus excelsa (subsp. polycarpos), in the Oman Mountains (Al 
Hajar), have shown that the oldest living trees have tree rings extending back at 
least 500 years, while dead trees are older than 1,000 years. A preliminary study 
of rings from four trees has provided a chronology from AD 1800 to AD 1993, 
and also given new information on rainfall variations (Fisher and Gardner, 1998). 
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Research on the tree rings of Juniperus sp., from four areas in the Asir highlands 
of south-western Saudi Arabia just north of the Saudi/Yemen border has shown 
the climatic fluctuations there from 1850 AD to the present day (Barth et al., 
2005a, 2005b). A study of the dendrochronology of 7,017 annual rings yielded 
a combined graph showing a probable dry interval from 1882-1990 AD after 
which massive forest die-back occurred, also party due to human overuse. 
Intervals of tree ring growth maxima are seen at 1860 AD and 1910 AD, and 
around 1990 AD, presumably when wetter conditions occurred. 


19.2.2 Varve chronology 


This method applies to the alternating annual layers that form in lakes in front of 
glaciers, and would seem irrelevant for the deserts of Arabia. There was a glacier 
on Mount Lebanon during the Pleistocene, and Klaer (1957) records the presence 
of a small modern-day glacier near the highest part of Mount Lebanon (3,087 m). 
An old terminal moraine extends down to 1,500 m, almost to Bcharré, and varve 
deposits may occur in this area, as well as on Jabal ash Sheykh (Mount Hermon), 
where a Pleistocene glacier also occurred. 

Beds of the Lisan Formation, near the Dead Sea, also contain 5-7 m of distinc- 
tive alternating banded layers of gypsum and aragonite. These are interpreted as 
seasonal varves, where the gypsum layers were formed in summer and the arago- 
nite layers in winter. The average rate of deposition was found to be 1.1 mm/year, 
and the base of the varved cliff placed at 22—23 ka BP (Abed and Yaghan, 2000). 

Another occurrence of varved beds was noted by R6gner and Smykatz-Kloss 
(1998) in the loess-like sediments deposited in palaeolakes of Wadi Feiran, west- 
central Sinai. The varve couples are interpreted as annual layers and extend 
through a 30-m-thick sequence. 


19.2.3 Annual ice layer chronology 


The counting of annual ice layers is a method applied to glaciers and ice cores. It 
has been extended to 80,000 years BP in the 2,811 m Greenland ice core 
(GISP2), and as far back as 720,000 BP in the EPICA Dome C ice core in East 
Antarctica, providing palaeoclimate information. This method is obviously not 
directly applicable to Arabian deserts, although it has significant implications for 
worldwide climatic changes and sea level fluctuations in the Quaternary. Cores of 
nearby existing glaciers on 4,548 m high Zard Kuh, in southern Iran, and on the 
4,315 m high Mount Uludoruk, in south-eastern Turkey, where a glacier covers 
8 km’, could give useful indirect palaeoclimatic data for Arabia. 


19.2.4 Annual rings and layers in corals 


Corals also have annual layers, and this annual layering in sections of corals can 
be used to date parts of coral reefs. The counting of annual layers in coral reefs 
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was used to check the accuracy of the thorium-230 method. This method has 
potential for the study of coral reefs in the Red Sea and the Persian Gulf. 


19.3 AGE EQUIVALENT HORIZONS OR ISOCHRONS 


Several methods have been developed that do not give a direct age estimate, but 
which have now been so closely tied to other methods of direct dating, that they are 
widely employed. These include palaeomagnetism, used as magnetostratigraphy, 
tephrochronology or correlation and dating by calibrated volcanic ash layers, and 
oxygen isotope stratigraphy, now also calibrated by radiometric dating. 


19.3.1 Palaeomagnetism, magnetostratigraphy 


The earth’s magnetic field has undergone reversals in direction by 180° many 
times in its history. These magnetic reversals are stored in rocks and the remnant 
palaeomagnetism can be used for correlation in magnetostratigraphy and indi- 
rectly in dating, where magnetic events have been calibrated by K—Ar or other 
radiometric methods. The relatively long intervals have been termed ‘magnetic 
epochs’ (Cox, 1964), such as the Brunhes, Matuyama, Gauss and Gilbert, now 
termed polarity zones (Fig. 19.4), while shorter intervals of constant geomagnetic 
polarity called ‘polarity events’ or polarity subzones, have been found within the 
magnetic epochs. 

A rock unit, defined specifically on the basis of its magnetic polarity, is termed 
a magnetostratigraphic polarity unit, In areas where the ages of magnetic events 
in a stratigraphic sequence have been established by radiometric methods, a mag- 
netostratigraphic chronometry can be applied, and rates of sedimentation can be 
deduced. Magnetostratigraphy has proved especially useful in the correlation of 
deep-sea cores, and has been applied in detailed correlation of the Pliocene- 
Pleistocene sediments of the eastern Mediterranean (Richter et al., 1998). In 
Arabia, the palaeomagnetism of the Aden Volcanics was studied at an early 
stage (Irving and Tarling, 1961), and the origin of the Red Sea and Gulf of Aden 
was also investigated (Tarling, 1970), while palaeomagnetic results from the 
Levant indicated a separate microplate there (Freund and Tarling, 1970). 
Magnetostratigraphy has led to a revision of Palaeozoic sediment in SW Sinai 
(Abdeldayem and Tarling, 1991), and of the Trap Series now renamed the Yemen 
Volcanic Group in northern Yemen, shown to be Late Oligocene (Abou-Deeb et al., 
2002). A high-resolution magnetostratigraphy of the Quaternary Erk-el-Ahmar 
Formation, in northern Israel, shows that these sediments with Oldowan tools were 
deposited at a sedimentation rate of 0.27 mm/year in the Olduvai subchron 
between 1.7 and 2.0 Ma, supporting the early movement of Man into Arabia (Ron 
and Levi, 2001). Archaeomagnetism is the study of the remnant magnetism of 
archaeological remains, and has been applied to archaeological objects from the 
shores of the Dead Sea (Segal et al., 2003). 
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Fig. 19.4 Magnetic polarity units for the last 3.5 Ma (After Cox, A. 1969. Geomagnetic 
reversals, Science, v. 163, Fig. 4, p. 240, reprinted by permission of the American 
Association for the Advancement of Science, Washington, D.C.). 
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19.3.2 Tephrochronology 


Tephra is a general term for the pyroclastics emitted by volcanoes, so that 
tephrochronology is petrographic description, correlation and dating of tephra lay- 
ers. This method applies especially to volcanic areas, such as Iceland and Japan, 
where pyroclastic layers can be followed for long distances. It can only be applied to 
dating when the ages of volcanic layers have been determined by radiometric meth- 
ods, generally by the potassium—argon technique. There is considerable scope for this 
method in the extensive Cenozoic volcanic fields of Arabia, and nearby studies are 
those on the tephra of Santorini (Tarling, 1978; Downey and Tarling, 1984), 
although the volcanic ash from the explosive destruction of Santorini (Thera) cov- 
ered most of the Near East and should provide a useful datum in northern Arabia. 

Oligocene flood volcanics of Yemen and Ethiopia, including ignimbrites and 
airfall tuffs, have been correlated with tephra layers ~2,700 km to the south-east 
from Ocean Drilling Program Site 115 (Touchard et al., 2003; Ukstins Peate 
et al., 2003). A recent palaeomagnetic and 40/argon-39 geochronology has 
correlated eight stratigraphic sections and 73 sites in northern Yemen including 
tephra (Riisager et al., 2005). 


19.3.3 Oxygen isotope stratigraphy 


The stable isotopes of oxygen are !°O forming 99.756%, 170 forming 0.039% and 
180 comprising 0.205%. Marine organisms incorporate oxygen in the calcium 
carbonate of their shells. The ratio of the isotopes 180 and !°O is measured by 
mass spectrometer, and is normally accurate to within 0.1%. These ratios are 
expressed as the difference compared with two standards, a belemnite from the 
Pee Dee Formation of South Carolina, called the Pee Dee Belemnite (PDB), and 
Vienna Standard Mean Ocean Water (VSMOW). The per mille deviation, referred 
to as 6180, is expressed by the equation: 


So (°07/'°O) sample- ('°0/'°0) VSMOW 
(*o/'°0) VSMOW 


Since 160 is the lighter isotope, it is preferentially evaporated, and in colder gla- 
cial intervals !°O is stored in ice, so that shells, such as those of Foraminifera, with 
a high 180 value lived in a glacial interval. The foraminifers or other shells, can be 
dated by radioisotopes to show when the glacial interval occurred, and oxygen 
isotope stratigraphy has become a useful tool in correlation and indirect dating, 
as well as an indicator of palaeotemperature and global ice volume. 

From ocean cores and drilled cores, in the ice caps of Greenland and 
Antarctica, a long term, standard, astronomically tuned, global isotope record 
(SPECMAP) has been assembled (Imbrie et al., 1985 Muller and MacDonald, 
2001), extending back nearly 800,000 years (Fig. 19.5, 19.6). 

The long-term record of oxygen isotopes in the Greenland Ice Sheet goes back 
to more than 250,000 years, and its record is shown in the ice core from GISP2, 
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Fig. 19.5 SPECMAP showing the variation of 6'8O in standard deviation units based on 
smoothed average for 5 deep sea cores (Imbrie et al., 1985; Müller and MacDonald, 2001). Note 
the ~100,000 year cycle periodicity for the last 400 ka. Marine isotope stages are numbered 
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Fig. 19.6 Vostok Ice Core — 5!80 isotope atmospheric record from ice bubbles, closely mir- 
roring temperature change and ice volume for the last 420,000 years (Petit et al., 1999 repro- 
duced by kind permission of the Nature Publishing Group, http://www.nature.com). 





although a more complete record is from the 3.7 km long Vostok Ice Core in East 
Antarctica that extends back to 420,000 years (Fig. 19.6), supported by a 
340,000 year record from Dome Fuji also from Antarctica. 

Results of the European Project for Ice Coring in Antarctica (EPICA) Dome C 
Ice Core, released in June 2004, now give a continuous detailed oxygen isotope 
record for the past 740,000 years, as well as the variations in 6D or deuterium 
(Fig. 19.7), showing the presence of eight major glacial cycles in the interval rep- 
resented by this latest ice core. A marked transition is evident about 430 ka BP 
from the wide interglacial/glacial variations of the later Quaternary to ealier 
milder climatic fluctuations, although the main change form 100 ka cycles to 41 
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Fig. 19.7 ôD from the EPICA Dome C Ice Core, showing palaeoclimate variations over 
the last 740,000 years. Warm intervals are indicated by main spikes, and deep troughs are 
glacial intervals. Vostok 6D as lower graph for comparison. Some MIS sub-stage numbers 
are also shown. (From EPICA community members, Nature, v.629, pp. 623-628, Figure 2, 
reproduced by kind permission of the Nature Publishing Group, http://www.nature.com). 





ka cycles came at~900 ka BP and is called the Mid Pleistocene Revolution. 

The most direct and highly resolved records of changes in the earth’s atmos- 
phere and climate for almost half the Quaternary, are now provided by ice cores. 
A high-resolution inter-hemisphere ice core stratigraphy based on both ice param- 
eters (5150, 5D), as well as dust and isotopic concentrations of trapped atmospheric 
gases, now covers the Holocene and Late and Middle Pleistocene, back to marine 
isotope stage 18.4. Some interesting facts relevant to palaeoclimate in Arabia 
appear from results of the EPICA Dome C Ice Core. For example, dust in the pres- 
ent interglacial from O to 8 ka is only 14 ug/kg and in the Mid Pleistocene inter- 
glacial from 416 to 418 ka, it was also low at 24 ug/kg, but during the LGM, from 
20 to 22 ka, atmospheric dust was very high at 680 g/kg, and it was also very 
high at 630 ug/kg, during the Mid Pleistocene glacial phase, around 430-432 ka. 
In short, the Quaternary glacial intervals were extremely dusty, mostly due to 
increased wind strength, but also because much larger arid areas were exposed. 
Oxygen isotope studies of deep sea cores have provided a much longer record, cov- 
ering all the Quaternary and Pliocene, and have allowed the sequence to be divided 
into Marine Isotope Stages (MIS), with some 64 such stages in the 1.806 Ma of the 
Quaternary. Marine Isotope Stages with odd numbers represent warm intervals, 
while those with even numbers cold intervals, as shown in the 6180 record for the 
Quaternary published by the Quaternary Research Association (Fig. 3.12). 

Boundaries between MIS are called “Terminations’. The last major interglacial is 
MIS stage 5, called the Eemian or Ipswichian, and was an interval of low ice volume, 
but with a complex record, so that it is sub-divided into various sub-stages (5e, 5d, 
5c, 5b and 5a). The causes of the climatic changes in the Quaternary, according to 
the Milankovitch Hypothesis, was thought to be eccentricity with ellipse variations 
of ~100 ka, and 450 ka, and obliquity with a 41 ka cycle, as well as a 23 ka cycle. 
There is also a smaller millennial cycle. These ~100 ka cycles, can be clearly seen 
over the last four glacial—interglacial cycles, and can be traced back less clearly to 
900 ka are now thought to be due to precession, but earlier parts of the Quaternary 
are dominated by the 41 ka cycle, caused by obliquity, while in the Pliocene, the 23 
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ka cycle predominates, due to precession. Müller and MacDonald (1997) consider 
that the 100 ka cycle is caused by changes in orbital inclination, not eccentricity, 
while Shackleton (2000) notes that the 100 ka cycle, seen on 180 records of the 
Vostok Ice Core, significantly lags changes in temperature, CO,, and orbital eccen- 
tricity. More recently, Maslin and Ridgwell (2006) consider that precession is the crit- 
ical factor in the post Mid-Pleistocene Revolution glacial-interglacial cycles, not 
eccentricity. About 430 ka BP, before the Mid Brunhes Event (MBE), the pattern is 
less obvious, and the earlier part of the Quaternary lacked the distinct warm inter- 
glacials seen after Termination V at the boundary between MIS 11 and 12, or more 
simply the Quaternary before 430 ka BP never got really warm. The climate vari- 
ability in Africa and the adjacent Arabian Peninsula changed from a pattern of 23 
to 17 ka cycles in the Pliocene up to 2.8 Ma, to a pattern dominated by 41 ka cycles 
from 2.8 to 1.2 Ma, with a Mid Pleistocene transition from 1.2 Ma to 0.4 Ma, while 
the 100 ka cycle is only clearly dominant in the last 400 ka (deMenocal, 2004). 
These changes in cyclicity are reflected in the amount and frequency of aeolian dust, 
which together with aridity increased progressively between 3.0-2.6 Ma, 1.8-1.6 
Ma and 1.2-0.8 Ma. 

The application of t80 isotope stratigraphy has provided a very important tool 
to interpreting Quaternary palaeoclimate, and in its correlation. Sediment cores 
from the Arabian Sea showed laminated organic-rich bands, which correlate 
with warm interstadial intervals of the Greenland GISP2 6!80 record, while 
organic-carbon-poor bio-turbated bands correlated with intervals of high- 
latitude cooling. This suggests that the Dansgaard-Oescher and Heinrich events 
are also reflected in low-latitude Pleistocene climates (Schulz et al., 1998; Bartov 
et al., 2003). Cold Heinrich events in Greenland ice cores closely correspond to 
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Fig. 19.8 Comparison of 5!80 record for central Red Sea cores KL11 and MD921017 
with modelled long-term sea level record; grey bands represent aplanktonic intervals 
(From Siddall et al., 2003, Nature, v. 423, pp. 853-858, Figure 2, reproduced by kind per- 
mission of the Nature Publishing Group, http://www.nature.com). 
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Fig. 19.9 Correlation of the 6!8O record from 20 to 70 ka BP for the Antarctic and 
Greenland ice cores with the interpreted sea level variations in the Red Sea of Siddall et al., 
(2003). The more negative the 5180 value, the cooler the climate, and the lower the sea level 


(After Sirocko, 2003). Ups and downs in the Red Sea, Nature, v. 423, pp. 813-818, Figure 2, 
reproduced by kind permission of the Nature Publishing Group, http://www.nature.com). 





cold—dry intervals in Soqutra caves (Burns et al., 2003). Detailed work by Siddall 
et al., (2003) applies directly to mainland Arabia, with resolution on a centennial 
scale for cores KL11 and MD921017 from the central Red Sea for the last 470 ka. 
(Fig. 19.8) They show the detailed 5180 record for the Red Sea and the close link 
between the 5180 record and the marked fluctuations in sea level in the Red Sea, 
with obvious implications for the Mid and Late Pleistocene climate of Arabia. 

The correlation between the 6180 records in ice cores from Antarctica and 
Greenland, and sea levels for the Red Sea (Fig. 19.9) is quite close (Sirocko, 2003). 
The cause of sea level fluctuations in the Quaternary is probably precession, 
which induces the 100 ka glacial-interglacial cycles (Maslin & Ridgwell, 2006). 
Deglaciations have been triggered every fourth or fifth precessional cycle over the 
last 0.6-0.8 Ma (Ridgwell & Watson, 1999). There have been various feedback 
mechanisms by ice sheet dynamics and shifts in ocean circulation, especially 
since MIS 4, or in the last 50 ka (Lambeck et al., (2002). 
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19.3.4 Carbon-13 isotope (5!3C) stratigraphy 


Variations in the difference of carbon-13 or 61°C, reflecting variations in CO, 
were found to mirror changes in t80 in deep-sea cores, as well as in the Vostok 
Ice Core. Shackleton (2000) showed that variations in CO,, as seen in 61°C fluc- 
tuations, preceded ice-volume changes, but lagged Milankovitch variations, and 
turned slight changes in the earth’s orbital geometry into glacial or interglacial 
periods. Because of the near correspondence with the cyclicity of 5'80, it has been 
possible to use 61°C for stratigraphic correlation and indirect dating, and more 
significantly as a palaeoclimate indicator for Quaternary marine sediments. 


19.4 CHEMICAL METHODS OF RELATIVE 
CHRONOLOGY 


Several methods of relative dating based on rates of chemical changes are used to 
provide indirect evidence of age. 


19.4.1 Obsidian hydration analysis 


When a piece of obsidian is broken, as happens in tool making, the fresh surface 
created attracts atmospheric water, and a hydration rind develops. This rind is 
examined at 800 magnifications in petrographic thin section, using a Watson 
image splitting microscope with an accuracy of one micron, or in polarized light. 
Basically, the hydration thickness is a measure of age, but it also depends on the 
composition of the obsidian, the soil temperature and soil moisture at the site. 
When these are all determined carefully, 90% reproducibility is claimed. In 
Arabia, this method has been used to date obsidian from the lowest layer (layer C) 
of the Shanidar Cave, northern Iraq (Fig. 19.10), which was found to be 25,000 
to 33,000 years old (Friedman and Smith, 1960), as compared with a 14C age 
determination of 32,000 + 3000 BP. The age range of this method is from several 
hundred to 40,000 years, and it is used mainly in archaeology. 


19.4.2 Flourine dating 


Buried skeletal remains undergo changes from percolating groundwater. Fluorine in 
the groundwater changes the mineral composition of bone, so that hydroxy] ions are 
replaced by fluoride ions forming the insoluble fluorapatite. The extent of replace- 
ment is a relative measure of age. No definite age can determined, but the method 
was successful in exposing the Piltdown Man hoax, and is chiefly used to determine 
whether skeletal remains or bone instruments found together were buried at the 
same time. Uranium uptake in buried bones can be used in a similar way. 


19.4.3 Amino acid racemization dating 


Racemization is the transformation of an optically active substance into its racemic 
inactive form. In amino acids, only the L-amino acid occurs in life, but changes 
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Fig. 19.10 Obsidian dating graph, showing the thickness of the hydration layer in microns 
squared, and the age for objects from Shanidar Cave, Iraq. (After Friedman, I., and Smith, R.L. 
1960, American Antiquity, v.25, pp. 476-522, reproduced by kind permission of American 
Antiquity). 


steadily to D-amino acid, or racemizes, after death. Consequently, the longer an 
organism has been dead, the greater its D-amino content. Usually, aspartic acid (one 
of 20 amino acids) is extracted from fossil bones or shells. Although dates as old as 
200,000 years have been calculated by this method, racemization rates vary accord- 
ing to soil temperature and other environmental factors. This is a relative method. 


19.5 PALAEONTOLOGICAL DATING METHODS 


Palaeontology is the study of fossil remains or imprints of plant, animal, and pro- 
tistid organisms, and it is the oldest method of relative dating, although by now, 
the sequences of many microscopic and larger fossils are so well established and 
calibrated that many fossil ages have quite narrow age limits. The relatively short 
time span of the Quaternary precludes the application of most conventional fos- 
sil groups to its dating and subdivision. A number of microfossil and vertebrate 
groups can be used. 
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19.5.1 Marine microfossil zonation of the Quaternary 
19.5.1.1 Coiling ratios in planktonic Foraminifera 


Since all the Quaternary is represented in marine sediments by only one planktonic 
foraminiferal zone, namely that of Truncatulina truncatulinoides, attempts have been 
made to use the ratio of dextral to sinistral coiling for correlation and as indicators 
of palaeoclimate. It was shown that coiling ratios of Neogloboquadrina pachyderma 
could also be used to subdivide Quaternary marine sediments (Bandy, 1959). 

Changes in coiling of N. pachyderma have been tested against 180 variations 
and detailed magnetostratigraphy and found to provide a sensitive indication of 
interstadial events over the last 60 ka (Heider et al., 2001). Another method is to 
plot cold-water foraminiferal species against warm water species in Quaternary 
sediments, providing a palaeoclimate curve compared with the 180 curve 
(Barash, 1971). 


19.5.1.2 Marine Quaternary calcareous nannofossil biostratigraphy 


Subdivision of marine Pleistocene using coccoliths has been established, and cal- 
ibrated against magnetostratigraphy (Gartner, 1977). In descending sequence, 
he recognizes five nannofossil zones: 


1. Emiliania huxleyi Zone in the upper Brunhes normal polarity zone; 

2. Gephyrocapsa oceanica Zone in the middle Brunhes normal polarity zone; 

3. Pseudoemiliania lacunosa Zone in the lower Brunhes normal polarity 
zone and upper Matayama reversed polarity zone; 

4. Helicosphaera selli Zone in the middle Mutayama reversed polarity zone; 

and 

5. Calcidiscus macintyrei Zone in the lower middle Matayama reversed 

polarity zone and the upper Olduvai normal polarity subzone. 


A simplified descending zonation by Martini (1976) has three nannofossil 
zones: numbered NN19 to NN21: 


1. Eiliamia huxleyi Zone 0-0.2 Ma = NN21 
2. Gephrocapsa oceanica Zone 0.2-0.6 Ma = NN20 
3. Emiliania annula Zone 0.6-1.8 Ma = NN19 


19.5.1.3 Marine Quaternary low-latitude planktic diatom zones 


Two distinct marine and planktic diatom zones occur in low latitudes (Barron, 
1989) and match with magnetic polarity zones. They are: 


1. Pseodoeunotia doliolus Zone = Brunhes normal polarity zone. 
2. Nitzschia reinholdi Zone = Upper Matayama reversed polarity zone 
extending down to Olduvai normal polarity subzone. 
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19.5.1.4 Radiolarian zones of the Quaternary 


Within Quaternary marine sediments, four radiolarian zones are recognised in 
low-latitude sediments (Nigrini, 1971; Sanfilippo et al., 1989). In descending 
sequence they are: 


1. Buccinosphaera invaginata Range Zone = Uppermost Quaternary; 

2. Collosphaera tuberosa Concurrent Range Zone; 

3. Amphirhopalum ypsilon Zone; and 

4. Anthocyrtidium angulare Concurrent Range Zone = Lowermost Quaternary. 


19.5.2 Palynology 


The study of pollen and spores or palynology, has long been used as a means of 
correlation, and a way to interpret palaeoclimatic conditions within 
Quaternary sediments. Pollen diagrams are often used to interpret and subdi- 
vide sequences of peat, marsh and lacustrine sediments, the classic study being 
‘History of the British Flora’ (Godwin, 1956). Vertical distribution of pollen is 
determined by changes in vegetation through time, and provides an insight into 
Quaternary climatic fluctuations. Palynological studies of marine cores provide 
a good basis for local correlation, and also reflect vegetation changes over time on 
nearby land. In Europe, 11 pollen zones are recognised from the Oldest Dryas (1a) 
~12,000 to 10,450 years BP to sub-Atlantic (IX) ~500 years BP to present, but 
these zones are not applicable to Arabia. In Arabia, pollen spectra of both the 
Early Holocene and Late Pleistocene lake beds in An Nafud were studied, showing 
that semi-desert conditions prevailed around them both, in the Late Pleistocene 
(Schulz ae beds of the SW Rub‘ al Khali, pollen were also examined (McClure, 
1984). Pollen from Al Hawa lake beds in Ramlat as Sab’atayn showed the pres- 
ence of the northern temperate genera Cedrus, Quercus, Bitula and Fagus attrib- 
uted to Trade Wind activity in the humid interval from 8,700 to 7,800 years BP 
(Lézine et al., 1998). 


19.5.3 Phytoliths 


Phytoliths are microscopic, opaline, silica bodies of plants, which do not provide 
a means of dating, but are used to indicate environmental conditions. Phytoliths 
were examined from the Dilmun site on Bahrain for evidence of the early date 
Dilmun diet (Nesbitt, 1993). A number of dry lake beds in the north-eastern cor- 
ner of the Rub‘ al Khali were examined for phytoliths, showing that savannah 
grassland was developed in the Early Holocene with woodland elements of Acacia 
and Prosopsis (Parker et al., 2003). A study of the 4th to 13th century AD archae- 
ological site of Kush, in Ra’s al Khaimah, showed the presence of date palm and 
barley phytoliths (Ishida et al., 2003). Phytoliths from old lake beds of the SW 
Rub‘ al Khali were also examined by El-Moslimany (1983), who identified festu- 
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coid, panicoid and choricoid types. He concluded that they represented marsh 
grasses and other grass types around these lakes. 


19.6 HOMINID EVOLUTION AND QUATERNARY 
CHRONOLOGY IN ARABIA 


Hominid evolution, or the development of Man through various species and sub- 
species, provides a relative chronology for the Quaternary. Although the actual 
remains of Man are relatively rare, the different types of tools he used are quite 
common and allow well-known subdivisions of Quaternary deposits to be recog- 
nised, such as Neolithic and Paleolithic, or Mousterian and Acheulian. 


19.6.1 Hominid evolution and Quaternary chronology in Arabia 


The earliest hominoid known from Arabia is the proconsulid Heliopithecus leakeyi 
(Andrews and Martin), found in the Early Miocene Dam Formation at Ad Dabtiyah 
in eastern Saudi Arabia (Andrews et al., 1978), but this is a relatively early pri- 
mate, although it is claimed to be the earliest member of the great ape and human 
clade. Man has been in Arabia since at least 1.7 to 2 Ma ago, as shown by high- 
resolution magnetostratigraphy of beds with Oldowan tools, in the Erk-el-Ahmar 
Formation (Ron and Levi, 2001). There is widespread evidence of Man in Arabia 
from 1.4 Ma BP. This is confirmed by the discovery of numerous Oldowan choppers 
and scrapers, the tools of Homo erectus at the Al Guza Cave in the Hadramawt 
(Amirkhanov, 1994), near the Bab al Mandab in Yemen, and from the Hugf in 
north-eastern Oman (Whalen and Fritz, 2004). These occurrences, classed as 
Developed Oldowan, probably mark an early dispersal route for ancient man, com- 
ing from East Africa across the very narrow Bab al Mandab during the numerous 
Pleistocene low stands of sea level, which also emptied the Persian Gulf, and would 
help to explain the early occurrences of Homo erectus as far a field as Java, (1.6-1.8 
Ma BP), and in China by 1.8 Ma BP, where tools of Homo erectus are dated as 2.25 
Ma BP (Ciochon and Larick (2000). The classical dispersal route for Man has been 
from Africa through the Near East into Europe, but from East Africa into Arabia 
and Asia is a more likely route, as the Persian Gulf was periodically dry in many 
colder phases. Furthermore, the known 15.7 mm/year north-east drift of the 
Arabian Plate from Africa in the Afar-Yemen area means that 1.4 Ma ago, the nar- 
row 20 km wide Bab al Mandab was entirely closed allowing a much easier migra- 
tion route for early Man through Arabia, and into Asia. The basic sequence of 
hominid evolution in East Africa (Fig. 19.11) is now well known, extending from 
Australopithicus afarensis in the Mid Pliocene to Homo habilis at the end of Pliocene 
dispersal, and then to Homo erectus in the Early Pleistocene, followed in the Late 
Pleistocene by Homo sapiens, extending to modern day (Susman, 1990). 

Actual skeletal remains are extremely scarce in Arabia, and although we have 
thousands of implements of Homo erectus in southern Arabia, no Lower Paleolithic 
bone material has yet been discovered there. The earliest known hominid skeletal 
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Fig. 19.11 Stages of human evolution in the Quaternary and Pliocene as known from 
Africa. Only Homo erectus and Homo sapiens are known from Arabia with the former 
appearing in the Oldowan of Arabia (except for the 14 Ma old hominoid (Heliopithecus 
leakeyi). Timescale on the left. The grey bands represent cooler, drier climate cycles. 
[Modified from deMenocal 1995, 2004 reproduced from Earth and Planetary Science Letters, 
v. 220, by kind permission of Elsevier]. 
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remains from Arabia belonging to Homo erectus are from the 780,000-year-old 
GBY locality, on the east bank of the Jordan River, with accompanying Acheulian 
bifaces (Stekelis, 1960). It must be added that Acheulian implements are very 
widespread through central and southern Arabia, and along the Red Sea coast 
(Petralgia, 2003). Homo sapiens first appear in Arabia at Qafzeh and Skhul in north- 
ern Israel, dated at 100,000-1 10,000 years BP (Grün and Stringer, 2000). 


19.6.2 Archaeological cultural stages in Arabia 


Man has developed distinctive implements and artifacts during the Quaternary, 
which are widely used to define a succession of hominid cultural stages, all 
occurring in Arabia, except for the oldest stage. The descending sequence of these 
stages and examples from Arabia are given below: 





Magdalenian 10-16 ka (Tell Abu Hureyra, Yabrud IIT) 

Solutrean (Solutrian) 16-20 ka (Ahmud, El-Natuf caves) 

Gravettian 20-28 ka (Aterian tools Mundafan) 

Aurignacian 30-35 ka (Ksar Akil 4, 5, Hayonim D1) 

Mousterian (Levalloisian- 35-200 ka (Terrace 2 Euphrates, Qafzeh, 

Mousterian) Azraq, Tor Faraj, Shanidar, 

Jerf al Ajla) 

Later Acheulian 200-350 ka (Mugharet Umm Qatafa, 
Azraq) 

Middle Acheulian 350-800 ka (Terrace 3 Euphrates, 
Dawadimi) 

Early Acheulian 800 ka to 1.1 Ma (Terrace 4 Euphrates) 

Developed Oldowan B 1.1-1.5 Ma (Ubeidiya, Al Guza) 

Developed Oldowan A 1.5-1.7 Ma (Shuwayhitiyah, Yemen 92) 

Classic Oldowan B ~2 Ma (Erk el-Ahmar) 

Omo Oldowan A ~2.5 Ma (not evident in Arabia) 





These cultural stages are used largely in Europe, except the Oldowan defined from 
East Africa, but have been applied to artifacts and archaeological sites in Arabia, 
and Ponikarov et al., (1967) refer to them frequently in discussing the ages of river 
terraces on the Euphrates, as do also the various archaeologists dealing with Arabia 
(e.g., Solecki, 1953; Field, 1956; Zeuner, 1954, 1958; Amirkhanov, 1994; Whalen 
et al., 1986, 1988; Whalen and Pease, 1990; Whalen and Fritz, 2004). 


19.6.3 Developmental tool stages 


Another set of stages relates to implement making and is commonly used in ref- 
erence to the many stone, flint and obsidian tools found in Arabia, and to later 
artifacts, pottery and metal implements. The major stages, their ages and exam- 
ples from Arabia are: 
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Historical periods 0-2.5 ka (e.g. Sumhuram, Dilmun and Qaryat 
al-Fau) 

Iron Age 2.5-3.2 ka (e.g. Tel Abraq, Hajar Humeid and Jabrin) 

Bronze Age 3.2-5.3 ka (e.g. Ur, Eridu, Tarut, and Umm an Nar) 

Chalcolithic 5.3-6.5 ka (e.g. Jabal Barakh, bifacial flints and Azraq) 

Neolithic 6.5-10.4 ka (e.g. Abu Hureyra, El-Kerkh and Tarut) 

Epipaleolithic 10.4-15 ka (e.g. Tel el Sultan and Natufian) 

Upper Paleolithic 15-40 ka (e.g. Mundafan, tanged points) 

Middle Paleolithic 40-200 ka (e.g. Douara, Dawadimi and Tabun) 

Lower Paleolithic 200 kato 1.5Ma (e.g. Ubeidiya, Azraq and Al Guza) 





19.7 VERTEBRATE PALAEOFAUNAL SEQUENCE IN 
ARABIA 


Relatively rapid rates of vertebrate evolution, especially among the mammalians, 
have allowed the distinction of a clear sequence of taxa within the Quaternary. 
The problem in Arabia, unlike North America or Europe, is that very few sites 
with vertebrate remains have been discovered to date. Those include the Early 
Pleistocene vertebrate fauna about 1.2 Ma identified from lake beds within even 
earlier sand dunes of An Nafud (Thomas et al., 1998), the Late Pleistocene ver- 
tebrate faunas of old lake beds in the south-western Rub‘ al Khali (McClure, 
1984), vertebrates of probable Late Pleistocene age from Ramlat as Sab’atayn 
(Inizan, 1998), Early Holocene vertebrates from lake beds in the Rub‘ al Khali 
(McClure, 1984), some vertebrate remains from the Middle Paleolithic at Douara 
Cave, near Palmyra, and records of Iron Age mammals from Tell Abraq, near Ra’s 
al Khaimah (Potts, 2001a). Some elements of the modern fauna have disap- 
peared relatively recently. Field (1956) records seeing two Arabian ostriches teth- 
ered to tent poles at Jafar east of Ma’an, Jordan in 1927, and he notes that the last 
lion was shot around 1906, while drinking appropriately at Ain al Asad (‘The 
Lion’s Pool’) at Azraq, in eastern Jordan. Quaternary vertebrate recorded from 
Arabia are listed below in descending order. 





Late Holocene Tell Abraq Volpes sp. (fox), Gazella subgutturosa, Gazella 
(Iron Age) gazelle (gazelle), Oryx leucoryx (Arabian 
white Oryx), Delphinus sp. (dolphin), Bos 
indicus (zebu), Ovis aries (sheep), Capris hir- 
cus (goat), equid indet. 


Early Holocene lake beds SW Bos cf. B. primigenius, ?Alcephalus 
(10-5.5 ka BP) Rub‘ al busephalus, Gazella sp. cf. G. arabica, 
Khali Camelus sp., Equus cf. E. hemionus, Oryx sp. 
cf. leucoryx, Hemitragus jayakari 
Late Pleistocene Douara Cave Gazella sp., Capra sp., Camelus sp., Equus sp., 
(Mid Paleolithic) Bos sp., Sus sp., gerbellines (mainly 


Meriones with Psammomys, and Gerbellus) 


492 Chapter 19 


Late Pleistocene — Bubalus sp., Hippopotamus sp. cf. H. amphibus, 
(34-22 ka BP) Bos cf. B. primigenius 

Late Pleistocene lake beds Ramlat Equus sp. 
(~30 ka) as Sab’atayn 

Middle Pleistocene Lamneh, Syria Mammuthus trogontherii, Stephanrhinus 
(0.4-0.5 Ma) hemitoechus, Megaloceros verticornis, 

Equus cf. altidens 

Early Pleistocene SW An Nafud Hyenidae: Crocuta crocuta, Felidae: Panthera 

(2? >1.2 Ma) cf. gombaszoegensis, Canidae: Vulpes cf. 


vulpes, Equidae: Equus sp., 
Hippopotamidae: Hexaprotodon sp., 
Bovidae: Pelorovis cf. oldowayensis, Oryx sp., 
and two indeterminate bovid species, 
Camelidae: genus and species indetermi- 
nate, Chelonii: Geochelone (Centrocheys) cf. 
sulcata, Pisces: Osteoglossiformes 

Early Pleistocene Oubeidiyeh Praemegaceros sp., Gazellospira sp., 

(1.3-1.4 Ma) (Ubeidiya), south Macaca sylvana, Theropithecus sp., 
of Lake Tiberias Megatherium whitei, Panthera 

gombaszaegenisis, Ursus etruscus, Canis 
etruscus, Vulpes sp., Hippopotamus antiquus, 
Geochelone sp., plus six species of bovids 
(Tchernov, 1986). 





All these vertebrate remains come from more humid intervals of the 
Quaternary in Arabia, although the faunas all suggest semi-arid conditions. 


Chapter 20 





Evolution of Arabian deserts 
and their chronology 


20.1 LATE PRECAMBRIAN EROSIONAL SURFACE 


The present land surface of Arabia can be traced back to the Late Precambrian, 
when it was a corner of the African continent, and the surface of the Arabo-Nubian 
Shield was an irregular eroded surface with valleys and channels, kaolinized in 
places, indicating that it had already been an erosional surface for some consider- 
able time. This erosional surface, often mistakenly termed a peneplain, extends for 
2,500 km from southern Sinai, southern Jordan and western Saudi Arabia into the 
southern Yemen, where it truncates the ancient Al Kawr Mountains, and can still 
be seen in the Precambrian coastal plain (Solat) of south-eastern Oman. In the east- 
ern Solat and eastern Jabal Samhan, Upper Cretaceous sediments rest directly on 
Precambrian crystalline basement (Fig. 20.1). 

In southern Jordan, however, Lower Cambrian basal conglomerates were 
deposited upon this surface, and filled valleys and channels in the Precambrian 
surface, as can be seen in Jordan (Bender, 1968, 1974), and southern Sinai 
(Schurmann, 1966). Cambrian marine sandstones of Quweira, Ram-Umm 
Sahm, and Siq formations were later deposited in Jordan and north-western 
Saudi Arabia, but the transgression of the Arabo-Nubian Shield was later in most 
of Arabia, where Ordovician sandstones of the Saq and Wajid formations rest on 
irregularly eroded basement (Figs. 10.7 and 10.10). 


20.2 LATE CRETACEOUS EXHUMATION OF THE 
‘NAJD PENEPLAIN’ 


This old surface may appear to have little to do with Arabian Deserts, but it is the so- 
called Najd peneplain (Brown, 1960) and the Najd Pediplain (Brown et al., 1989), 
used to explain the terrain upon which the many rocky deserts of the Mid Tertiary 
to Recent basalt flows were extruded. This irregularly eroded Precambrian surface 
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Fig. 20.1 The bevelled Precambrian surface in eastern Oman seen here consisting of 
dark diorite, on which rest Cretaceous sandy marls and limestones, with a pronounced 
nonconformity. Small valleys are evident in the eroded Precambrian diorite surface. The 
eroded Precambrian surface can still be seen to have small hills and valleys. Looking south 
across Wadi Rabkhut (Rakhyut) to the 1,100 m high, eastern Jabal Samhan, Ra’s Hasik, 
and the Arabian Sea. (Photo by H. S. Edgell.) 


was exhumed in western Arabia in the Late Cretaceous, and now forms much of 
the rocky desert of the Arabian Shield. Paleocene marine sediments, such as the 
Umm Himar and Usfan Formations, rest on the surface of the Precambrian base- 
ment in small areas, indicating that the exhumed surface must be as old as Late 
Cretaceous in age. Paleocene and Eocene shallow water limestones were deposited 
in the Oman Mountains area indicating that “the present area of the mountains 
was probably very low or submerged” (Glennie et al., 1974). 


20.3 LATE EOCENE UPLIFT 


Towards the end of the Eocene, parts of Arabia were uplifted. The east-west trend- 
ing Hadramawt-—Dhofar Arch was uplifted and gently folded at this time, and the 
Rub‘ al Khali Basin was further down-warped. 


20.4 OLIGOCENE VOLCANISM AND ROCKY BASALT 
DESERT 


The Early Oligocene was relatively cool, and a time of marine regression, but the 
Middle Oligocene marks the first appearance of many grasses, as well as the ear- 
liest elephants and early horses, and was a relatively drier epoch, with much 
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grassland. Outpourings of lava during the Middle to Late Oligocene probably 
formed the earliest rocky desert, and are taken to mark the start of the Red Sea 
opening, as well as the initial separation of Arabia from Africa. The shape of 
Arabia was then quite different as it was still mostly attached to Africa, and a 
large seaway extended from the proto-Persian Gulf across what is now the 
Emirates, to southern Oman (Adams et al., 1983). 

The oldest basalt flows in Saudi Arabia are those at Jabal as Sarat, where Mid 
Oligocene lavas, whose lowest layers are dated at 30.1 + 1.0 Ma, rest on thick lat- 
eritic and sapropelitic layers, indicative of warm, tropical weathering of the base- 
ment in Late Cretaceous. In northern Yemen, the extensive >2 km thick Yemen 
Volcanic Group, or Trap Series of the Yemen plateau basalts were extruded in 
the Mid and Late Oligocene from 31 to 29 Ma (Menzies et al., 2002), including 
post-basaltic eruptions between 29 and 26 Ma (Abou-Deeb et al., 2002), 
although originally 4 km thick before erosion. 


20.5 MIOCENE VOLCANISM AND AEOLIAN 
DEPOSITS 


Further widespread lava extrusion took place in the Miocene, during the forma- 
tion of the Red Sea Rift. These lavas reached from northern Syria through west- 
ern Arabia to the Yemen, greatly enlarging the area of rocky volcanic desert. 
Arabia was still joined to Africa between southern Yemen and Eritrea, as shown 
by the Mediterranean aspect of the Red Sea Miocene fauna (Heybroek, 1965), so 
the connection with African grasslands was still intact. There are indications of 
aridity at the beginning of the Miocene, as shown by the occurrence of well- 
rounded, frosted sand grains in the earliest Miocene Hadrukh Formation (P. L. 
Vincent, in Anton, 1993). Later in the Early Miocene (Burdigalian), early homi- 
noids of the species Heliopithecus leakeyi lived in eastern Arabia together with 
bovids, early rhinoceros, mastodons, swine, primitive pecorans, an early form of 
Hyrax, crocodilians and ancient kinds of giraffes. These are all known from the 
Burdigalian Dam Formation, near Ad Dabtiyah at Jabal Shamali (21°20’51” N, 
50°24’05” E) in north-eastern Saudi Arabia (Hamilton et al., 1978). Mangrove 
roots have also been found in the Early Miocene Dam Formation, and also in the 
Late Miocene Hofuf Formation, as well as in Late Miocene strata at Jabal Barakah, 
in the western UAE. They all indicate a generally dry, tropical to subtropical cli- 
mate for eastern Arabia, during the Early to Late Miocene. There is also evidence 
of Mid Miocene aeolian deposits in the western Emirates with transverse and 
barchanoid dunes (Bristow and Hill, 1999; Peebles, 1999). The south-western 
margin of Arabia was tilted up during the Miocene, which explains the large 
amounts of mainly freshwater Chara-bearing sandstones of the Late Miocene 
Hofuf Formation in north-eastern Arabia, also probably accumulated by sporadic 
streams under semi-arid conditions. Based on apatite-fission track and heat-flow 
data, it is suggested that uplift of the Red Sea margin south of Jiddah began in the 
Middle Miocene (Bohannon et al., 1989), although late scarp uplift accompanied 
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by continental flood basalts took place in the Pliocene (Brown et al., 1989). Late 
Miocene-Pliocene uplift is inferred for the erosional surface north of At Ta’if, as 
this surface bevels the Miocene Raghama Formation in places. Another event 
associated with the movement of the Arabian Plate was the initial Miocene uplift 
of ophiolites and associated turbidites obducted onto the eastern edge of Arabia 
in the Campanian and later eroded into black desert ranges of the Oman 
Mountains (Al Hajar) after their main uplift some 5 million years ago. By the Late 
Miocene the climate was quite warm, and savannah conditions prevailed with 
widespread grasslands, as shown by vertebrate faunas with the ancestors of ele- 
phants, rhinos, early horses and giraffes in eastern Saudi Arabia and the western 
UAE (Andrews et al., 1978; Hamilton et al., 1978; Whybrow and McClure, 1981; 
Whybrow, 1987, 1992) (Fig 20.2). Recent discovery of Late Miocene aeolian 
sand dunes deposits said to mark the onset of desert conditions in the Sahara 
some 7 Ma BP (Schuster et al., 2006) also indicates desert conditions in Arabia, 
in view of the well-known Saharo-Arabian xeric connection. Although savannah, 
conditions prevailed in Arabia during much of the Late Miocene, rainfall was suf- 
ficient for a river to form in the western Abu Dhabi Emirate, as seen in thin flu- 
vial deposits of the Upper Baynunah Formation (Whybrow, 1999). In the 
terminal Miocene, from 6 to 5.3 Ma a short interval of aridity probably extended 
across Arabia at the time of the Messinian salinity crisis ( Hsu, et al., 1972), but 
may have been short-lived as the lowstand lasted only from 5.8 to 5.33 Ma 
(Krijgsman, et al., 1999). 





Fig. 20.2 Miocene aeolian beds of the Shuwaihat Formation overlain by fluvial gravels 
of the Late Miocene Baynunah Formation in the western UAE. (Photo of the late PJ. Whybrow, 
1999) Source: P. J. Whybrow’s obituary, http://www.adias-uae.com/whybrow.html. 
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20.6 PLIOCENE VOLCANISM AND ALLUVIAL 
GRAVEL DEPOSITS 


The Early Pliocene, when global cooling occurred, seems to have been a time when 
there was a wet, humid climate. Drainage systems became well developed, with great 
outwash fans and gravel sheets of coarse alluvium forming throughout Arabia, 
becoming especially extensive around the western Rub‘ al Khali Basin. Opening of 
the Red Sea Rift to Pliocene Indo-Pacific faunas also occurred (Heybroek, 1965), 
and the great outpouring of flood basalt along the inner edge of the Red Sea scarp 
caused a barren rocky desert terrain over much of western and northern Saudi 
Arabia, as well as in northern Yemen, southern Syria and eastern Jordan. 
Palaeovalleys are preserved beneath tongues of Mio-Pliocene basalt (10—2.5 Ma BP) 
that overflowed from Harrat Rahat to within 8 km of the coast, where the valleys 
have cut into Eocene-Miocene fluvio-marine deposits. For most of their length, 
these palaeovalleys are incised in Precambrian bedrock, with well-graded thalwegs 
showing no evidence of rejuvenation. They indicate that there has been minimal 
uplift since 2.5 Ma BP (Johnson, 1992). 

Warming of the Southern Ocean, for an interval in the Middle Pliocene, led to 
general warmer conditions worldwide, as evidenced by higher sea levels from 2.9 
to 2.7 Ma (St. John, 2004). The Late Pliocene saw the return of warmer temperate 
climates, as evidenced by higher oxygen isotope values, and Arabia was mostly 
savannah grassland during this interval. There was also a marked increase in C, 
savannah grassland in nearby north-eastern Africa from 3.4-1.5 Ma BP (Feakins 
et al., 2005). Recent dating of stony deserts in central Australia using ?4Ne and 
10Be isotopes produced by cosmic rays indicate that those deserts formed in a Mid 
to Late Pliocene interval from 4 to 2 Ma BP (Fujioka et al., 2005). Similar cold arid 
desert conditions also prevailed in northern China at this time, but there is insuf- 
ficient evidence to allow this seemingly contradictory data to be extrapolated to 
Arabia. At the end of the Pliocene, there was a eustatic rise in sea level between 1.9 
and 1.8 Ma (St. John, 2004), which explains the warmer climate. 


20.7 EARLY PLEISTOCENE ALLUVIAL DEPOSITS AND 
ADVENT OF MAN IN ARABIA (1.8-0.78 Ma) 


Wet, humid conditions returned in the Early Pleistocene, evident from large allu- 
vial fans formed at this time, and the good drainage systems which filled valleys, 
such as the Wadi Hadramawt, where Oldowan tools dated at 1.4 to 1 Ma have been 
found (Amirkhanov, 1991, 1994), as well as hominid remains. Gravels with simi- 
lar Oldowan implements occur 75 km east of Bab al Mandab, in Yemen (Whalen, 
1997), just south of Ad Dawadimi, and at As Saffaqah, in central and northern 
Saudi Arabia respectively (Whalen and Pease, 1990). Oldowan tools dated at 
1.7—2.0 Ma BP have been found in the Erek-el-Ahmar Formation in the Near East 
indicating the early arrival of Man in Arabia (Ron and Levi, 2001). Hominid 
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remains, dated between 1.4 and 1.0 Ma are also found in the Red Sea area and 
Levant (Klein, 1999), while early Acheulian core/flake artifacts from ‘Ubeidiya in 
Israel dated as ~1.2 Ma also prove an Early Pleistocene age (Tchernov, 1986). 
Vertebrate faunas of an Early Pleistocene age (~1.2 Ma) with close African affini- 
ties are reported from three localities in An Nafud, where they have been found in 
old lacustrine deposits, between still older Early Pleistocene white dunes with 
large-scale cross-stratification (Thomas et al., 1998). They provide evidence of the 
antiquity of Arabian deserts, especially An Nafud Desert. It has also been sug- 
gested that many older ‘fossil’ speleothems formed in wetter conditions from caves 
in Saudi Arabia may be from 1.0 to 1.4 Ma in age (Fleitmann et al., 2004b). 
During Early Pleistocene wetter conditions, a drainage system covered the Rub‘ al 
Khali Basin, probably already formed in the Early Pliocene. Considerable sandy 
sediment was eroded from cover rocks in adjacent highlands of western Arabia, 
forming a quartz sand source for later dune systems, a process later repeated in the 
Late Pleistocene humid interval. There was extensive volcanism during the Early 
Pleistocene, and basaltic flows were extruded onto the plateaux of western Arabia 
from southern Syria to the Yemen. Many flows of western Saudi Arabia occurred, 
such as one on the east of Harrat Nawasif dated at 1.5 Ma (Hötzl et al., 1978b). In 
the Nahr al Asi (Orontes) valley, near Homs in Syria, the oldest and highest (125 
m level) of twelve river terraces contains cemented, Early Pleistocene gravel, dated 
at 1.2 Ma, and resting on Pliocene lacustrine marl (Bridgland et al., 2003). This 
gives a pre-Early Pleistocene date for valley development, and the authors consider 
fluvial incision began in the latest Miocene. The 11th Terrace on the Orontes in 
northern Syria formed during a wetter interval some 960 ka BP (Bridgland et al., 
2003), at the same time as the 4th Terrace on the Upper Euphrates, where early 
Acheulian tools occur (Ponikarov et al., 1967). The Mid Pleistocene Climate 
Transition occurred from 920 to 880 ka, with pronounced ice rafted debris, so 
that extreme deglaciation took place in Antarctica, and global sea levels rose (St. 
John, 2004). Oxygen isotope stratigraphy suggests that a cold arid phase occurred 
in Arabia in the interval 880-868 ka, and early dunes of the Quaternary in 
Arabia may possibly be traced back to this cold, arid interval. It was followed by a 
warmer wetter interval from 868 to 790 ka, coinciding with the Orontes 1 Oth ter- 
race, a short cold interval around 790 ka. 


20.8 MIDDLE PLEISTOCENE ALTERNATING 
SEMI-ARID AND ARID CONDITIONS (0.78-0.126 Ma) 


The Middle Pleistocene began with a warmer phase, followed by aridity from 790 to 
710 ka. A wetter interval followed, extending from 710 to 680 ka, and the entire 
Middle Pleistocene was characterized by repeated phases of wetter and arid condi- 
tions. The oldest speleothems dated (Rauert, 1988) are from a Middle Pleistocene 
wetter interval, which extended back to 660 ka. This method has been used for cli- 
mate reconstructions in southern Arabia, as far back as 420 ka (Fleitmann et al., 
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2001a, 2002a, 2003b, 2004b). They note warm wetter phases, due to the northward 
displacement of the ITCZ and monsoonal rainfall, at 390-370 ka, 330-300 ka, 
240-230 ka, 220-210 ka, 200-180 ka, 135-120 ka and 10-6 ka, with interven- 
ing cold arid periods from 363 to 330 ka, 280 to 250 ka, 180 to 150 ka, and a final 
cold arid interval from 75 to 12 ka culminating in the Last Glacial Maximum (LGM) 
at 18 ka, and then the present warm postglacial. The application of luminescence 
dating methods has enabled many of the aeolian sediments to be dated directly 
(Rendell et al., 1993; Goodall, 1995; Juyal et al., 1998; Singhvi et al., 2001; 
Preusser et al., 2002, 2005), as well as some fluvial deposits (Al-Juaidi et al., 
2003a). Desert sediments have been dated as 354 ka for aeolian sands intercalated 
in a mid fan of the interior Oman bajada (Hadley et al., 1998). Most of these stud- 
ies have been in the Emirates and Oman. The geochronological sequence has still to 
be established for the great dunes of most of the Rub‘ al Khali, An Nafud, Ad 
Dahna, Al Jafurah, and Ramlat as Sab’atayn, as well as for the many nafud areas. 
Although the Middle Pleistocene is important for dune formation in Arabia, direct 
dating is only available for the latest few hundred thousand years of its 650 ka 
duration. Using the 180 record for the last 800 ka as a measure of global ice volume, 
cold arid intervals can be distinguished. 

After an initial wetter phase around 790 ka when Acheulian artifacts have been 
found widely in the Hadramawt and on the terraces of the upper Euphrates, a 
short cold interval followed until 710 ka probably marking some of the earlier 
Quaternary dunes. A warmer interval followed from 710 to 680 ka when the 9th 
Terrace on the Nahr al Asi (Orontes) formed (Bridgland et al., (2003), after which 
there was a cold arid period between 680 and 660 ka. There are suggestions of 
wetter conditions between 660 and 460 ka, based on U/Th dating of speleothems 
from caves in the As Sulb area of As Summan Plateau, and from the Orontes 8th 
Terrace at 600 ka, although the oxygen isotope record indicates a brief cold phase 
around 595 ka. A cold arid interval followed from 460 to 420 ka is indicated from 
the 180 record, which peaked at 420 ka, followed by a warm wetter period from 
410 to 370 ka, or 390-370 ka (Fleitmann et al., 2004b). A global interglacial 
interval peaking at 410 ka is also noted by Maslin et al., (2001). In Red Sea cores, 
acold aplanktonic zone was noted from 455 to 440 ka, when sea leval was lowered 
by 80 m indicating arid conditions in Arabia (Siddall et al., 2003). The succeeding 
interval of aridity from 370 to 325 ka contains definite aeolian sediments, being 
between 362 and 335 ka on the 6180 isotope graph and between 270 and 230 ka 
in these cores (Siddall et al., 2003) with sea levels generally below —80 m, and 
reaching -110 m at 343 ka. An OSL age of 354 ka is given for aeolian sands inter- 
calated in fluvial deposits of a middle fan in interior Oman (Juyal et al., 1998). 
A distinct wetter phase occurred from 325 to 270 ka, evidenced by speleothem 
dating in As Summan Caves (Geyh and Henning, 1988; Edgell, 1989a), and from 
Hoti Cave deposits in Oman (Burns et al., 2001), revised to 330-300 ka (Fleitmann 
et al., 2003b), with an intervening cool phase at ~280 ka, although indications of 
an intervening wet period are given by U/Th speleothem dates of 280 and 270 ka 
in As Summan Caves (Geyh and Henning, 1988). The 3rd Terrace on the Upper 
Euphrates is probably 300 ka, due to finds of Acheulian disc-shaped cores 
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(Ponikarov et al., 1967). A cooler period is indicated from the 5'8O isotope graph 
between 280 and 270 ka [273-263 ka from Siddall et al., (2003) with sea level 
below —80 m], while an older aeolianite from Mamlaha, on the south-western side 
of the Wahiba Sands, is dated at 229 + 19 ka (Juyal et al., 1998). A date of 208 
ka for possibly fluvial quartz and carbonate sands in the Sabkhat Matti area was 
obtained by Goodall (1995). Speleothem dating from southern Arabia indicates a 
short rainier interval from 240 to 230 ka corresponding to MIS 7e (Fleitmann 
et al., 2004b). They also recognize a moister, semi-arid interval from 220 to 210 
ka. A wetter interval from 200 to 170 ka is largely dated by the U/Th method on 
speleothems from Oman (Fleitmann et al., 2003b) [200-180 ka according to 
Burns et al., (2001)]. A similar humid interval at 170 ka with lake deposits in Al 
Mudawarrah district of southern Jordan is equated with stages 7a-6e (Petit-Marie 
et al., 2002), where wetter conditions may have been more related to 
Mediterranean influences, as noted by Frumkin et al., (1999). An age of 160 ka 
+ is given for the Ghayathi Formation in the UAE (Hadley, 1998), when carbon- 
ate palaedunes were formed resting on earlier Middle Pleistocene sabkhah and 
these old dunes may be >250 ka (Brouwers et al., 1993). 

The penultimate high latitude glacial interval occurred from 180 to 127 ka, 
coinciding with aeolian dune deposits in the northern Rub‘ al Khali from 180 to 120 
ka, and with dune deposits of the northern Rub‘ al Khali OSL dated from at least 
164-129 ka (Lancaster et al., 2003). There is considerable evidence of arid con- 
ditions, and desert deposits, during this interval, roughly corresponding to Marine 
Isotope Stage (MIS) 6. From analysis of Red Sea cores, where there was a main 
cold, ‘glacial’, aplanktonic zone from 142 to 127 ka BP sea level was lowered by 
120 m at the peak of aridity and by at least 80 m during most of this cold, arid 
phase (Siddall et al., 2003), so that the Persian Gulf was dry and a major source of 
aeolian sand. There are also dune sands in Al Liwa’ district of the UAE dated at 141 
+ 88 (Juyal et al., 1998). Aridity in Arabia was not continuous throughout this 
interval from 180 to 127 ka, as shown by additional lake beds in southern Jordan, 
dated by the U/Th method at 152 and 135 ka (Petit-Marie et al., 2002) and by flu- 
vial sands of an old stream passing through the Sabkhat Matti area dated at 147 
ka (Goodall, 1995). Also, a wet phase is recognized from 135 to 120 ka in 
speleothems from northern Oman (Fleitmann et al., 2003b), so that there was a 
wetter phase towards the end of the penultimate high latitude glaciation extending 
into the beginning of the Late Pleistocene. 


20.9 LATE PLEISTOCENE (126-11.5 Ka) AND LAST 
GLACIAL MAXIMUM 


A wetter phase, dated at 135 to 120 ka, continued into the start of the Late 
Pleistocene and was marked by the growth of stalagmites in Oman, Soqutra and 
southern Yemen. It is connected with a worldwide interglacial, which peaked at 125 
ka (Maslin et al., 2001). Lacustrine deposits are dated from this interval, especially 
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from southern Jordan (Petit-Marie et al., 2002), namely at 121 +9 and 116 + 5.5 
ka, corresponding to MIS stage 5e. An arid interval followed, from 113 to 99 ka, dur- 
ing which many of the extensive aeolianites were formed around and beneath the 
Wahiba Sands of eastern Oman, and dune sands have been dated from the northern 
Rub‘ al Khali at 106 ka. However, alluvial fan deposits, dated at 104 + 38, from the 
eastern UAE (Juyal et al., 1998), indicate intermittent wet conditions. Recent OSL 
dating of cored megabarchans in the Al Liwa’ and A1 Qafa regions of the interior UAE 
show that aeolian sediments below depths of 33-80 m were deposited in the Late 
Pleistocene from 16.9 + 3.6 ka to 180 ka (Stokes and Bray, 2005). Since many of 
these Late Pleistocene OSL dates for aeolian sands fall broadly within MIS 5, they 
conclude that “the bulk of the preserved eolian activity of the [whole] Arabian 
Peninsula occurs within relatively humid interglacial phases rather than arid inter- 
vals.” This sweeping conclusion contradicts the well-known general maximum 
extension of the Rub‘ al Khali and Sahara deserts during the cold arid LGM (Nicole- 
Marie et al., 2000; Iriondo et al., 2000), as well as the arid intervals from 115-98 ka, 
90-88 ka, and 78-61 ka reported from Ramlat A1 Wahibah (Preusser et al., 2002). 
Moreover, MIS 5, contained several dry phases and was mostly as arid as the present- 
day, except for a few semi-arid intervals, such as in MIS 5e (Eemian). 

Widespread wetter intervals occurred in Arabia intermittently from 99 to 64 ka, 
with lake beds in southern Jordan (Petit-Marie et al., 2002) dated at 95.4 + 3.2 ka 
and 91.1 + 3.4 ka (equivalent to MIS stages 5e-c), as well as at 88 + 5 and 77 + 8 
ka (equivalent to MIS stages 5c-a). In addition, a stalagmite, from a cave in As Sulb 
area of As Summan Plateau, yielded a date of 71 +1.7 ka (Geyh and Henning, 
1988). A rainier period of rapid speleothem deposition is noted from 82 to 78 ka, 
from the Hoti Cave in northern Oman (Fleitmann et al., 2003b). Evidence of aeo- 
lian conditions, from 78 to 61 ka, comes from dated sediments from cores in the 
Ramlat Al Wahibah (Preusser et al., 2002). The succeeding interval, from 64 to 
34 ka, was arid with dune sands dated at 40 ka in the UAE, and at 43 ka in Sinai. 
The arid white beds of Lake Lisan (the forerunner of the Dead Sea) are as old as 63 
ka (Abed and Yaghan, 2002), although it had a stable somewhat higher lake level 
from 58 to 45 ka (Bartov et al., 2003). A markedly wetter phase followed from 
34 to 22 ka, when there were lakes between dunes in the south-western Rub‘ al 
Khali mainly from 32 to 21 ka (McClure, 1976, 1978, 1984), fluvial deposits in 
the northern Rub‘ al Khali at 31 + 5 (Juyal et al., 1998), stalagmite formations in 
As Sulb Caves at 30.6 + 1.3 and 29.0 + 1.2 (Geyh and Henning, 1988), and lake 
beds in An Nafud from 27.57 to 24.3 ka (Whitney et al., 1983). Artifacts of 
numerous unifacially worked, prominently tanged points and scrapers, found on 
the south-western edge of the Rub‘ al Khali, dated between about 35 and 20 ka 
(McClure, 1984), are further evidence of a moister grassland environment. In both 
the Late Pleistocene lake beds of the Rub‘ al Khali, (Fig. 20.3) and those of An 
Nafud, studies of plant remains (Mc Clure, 1984; Schulz and Whitney, 1986) indi- 
cate a grassland to semi-desert environment, wetter than in the Early Holocene wet 
phase, but certainly not pluvial conditions as understood in Europe. An estimate of 
how wet the Late Pleistocene was, in the Al Liwa’ area of the north-eastern Rub‘ al 
Khali, was made by Wood and Imes (1995), based on a 28 ka old groundwater 
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Fig. 20.3 Late Pleistocene lake beds of the Rub‘ al Khali and their surroundings with 
nearby dunes, reed beds, water buffalo, oryx, hippopotamus and Man. (Courtesy of “Saudi 
Aramco World”, 1989, Illustrator M. Grimsdale, Article by A. P Clark/PADIA.) 


table. They estimated a recharge of 1.4 mm/year was needed to maintain it during 
the wet period, equivalent to 200 + 50 mm/year or probably >200 mm/year, for 
semi-arid conditions, still five times the present rainfall in this part of the Rub‘ al 
Khali. Three ages of palaeo-capillary surfaces were observed in Al Liwa’ namely 
15-20 ka, 25-30 ka and 40-45 ka, each inferred to have been a wet interval 
(Wood and Imes, 1995). 

Lake Lisan, the forerunner of the Dead Sea, experienced a dramatic rise in lake 
level from 27 to 15 ka, reaching a maximum height of >164 m below mean sea 
level at 25 ka, reflecting the increased rainfall, but dropping to ~270 m from 23 
to 19 ka, and to ~300 m after 15 ka (Bartov et al., 2002). In the Late Holocene, 
levels in the Dead Sea fluctuated from 390 to 415 m below mean sea level depend- 
ing on rainfall variations (Bookman et al., 2004), except for the very rapid 20th 
century fall caused by increased water use. The last very arid phase of the Late 
Pleistocene corresponded with high latitude glaciation of the later Wtirm (or late 
Wisconsin). It extended from 22 to 12 ka reaching a peak in the Last Glacial 
Maximum at 18 ka when the Persian Gulf was completely dry and sea level stood 
at minus 120 m. A sea level of —118 m, from Red Sea core interpretation is given 
by Siddall et al., (2003). It was during this cold, arid interval that much of 
the sand of dunes in the UAE and northern Rub‘ al Khali, was blown southward 
from sediments of the dry Persian Gulf, having been derived mostly from erosion 
of the Zagros Ranges (Garzanti et al., 2003). Many luminescence dates now 
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corroborate this aridity. They include those from the Rub‘ al Khali (Juyal et al., 
1998; Lancaster et al., 2003), and from the Ramlat Al Wahibah (Preusser et al., 
2002), as well as from the Sinai Desert (Rendell et al., 1993). The aeolian deposits 
of the Ramlat Al Wahibah are now closely dated by some 74 luminescence age 
determinations (Preusser et al., 2002, 2005). They originated from the exposed 
marine shelf of the Arabian Sea, during global sea level lowering in the LGM, and 
earlier cold phases and were blown northward by the SW Monsoon. The origin of 
the sand dunes of the Sinai Desert was also caused by global sea level lowering, 
which affected the Mediterranean, so that the offshore sands from the Nile were 
blown onshore by the prevailing cyclonic winds. In the nearby Nezzana dunefield, 
which is an eastern part of the Sinai Desert, it is considered that all dunes accu- 
mulated rapidly in the Late Pleistocene some 15 ka BP (Harrison and Yair, 1998). 
For the Sinai and Negev, isotopic data from groundwater and tufa indicate wetter 
conditions during much of the last high latitude glacial, and during that time 
cyclonic storms moving from the Atlantic across North Africa were more fre- 
quent than at present (Issar and Bruin, 1983). 

Studies of 14C dated sediment cores from the Arabian Sea suggest that the onset 
and duration of Late Pleistocene aridity and sea level lowering in southern Arabia 
may have been relatively short. Cored intervals containing increased concentra- 
tions of Al, K, Fe, and Ti indicate increased lithogenic input when the SW 
Monsoon has decreased (Sirocko et al., 2000, Leuschner et al., 2000, Ivanochko, 
2004). These intervals also show lowered denitrification (low 6 !5N) as a result of 
decreased intensity of the Asian Summer Monsoon corresponding to Heinrich 
Events, with lowered sea level being reflected in increased dolomite concentra- 
tions in these cores as sabkhah areas became exposed. Pulses of Late Pleistocene 
aridity correspond with the Younger Dryas arid event 11.5-12.9 ka, and 
with Heinrich events H1 to H6 peaking at 16.8 ka, 24 ka, 29 ka, 38 ka, 45 ka, 
and ~60 ka respectively. Similarly dated intervals match the timing of dust con- 
centration in ice cores from Antarctica (Vostok, EPICA Dome C) and from 
Greenland (GISP-2) and the close correlation between Greenland climate vari- 
ability and Arabian Sea cores from the present to 65 ka Bp has been by established 
by Schulz (1998) and noted by Ivanochko (2004). 


20.10 HOLOCENE ‘NEOLITHIC WET PHASE’, LATE 
ARIDITY (11,500 BP TO PRESENT) 


The initial phase of the Holocene was relatively cold and arid in Arabia corresponding 
to the global cold arid Younger Dryas, which is now thought to have been a Heinrich 
Event. This is shown by linear dunes in the north-eastern Rub‘ al Khali (Awafi area) 
dated by OSL between 13.5 + 0.7 and 9.1 + 0.3 ka, or ~10 ka BP indicating arid con- 
ditions (Goudie et al., 2000). Conditions were already becoming warmer, however, as 
from 12 ka until the Early Holocene, sea level rose worldwide, so that aeolian sedi- 
ment supply was cut off from the floors of the Persian Gulf, the Mediterranean Sea 
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and the shelf of the Arabian Sea. Sea level rise took place gradually, probably begin- 
ing 15 ka BP and in stages, as indicated by Houbolt (1957), who showed the existence 
of four submarine terraces in offshore Qatar. The rise in sea level in the Persian Gulf 
(Fig. 20.4) has been traced by Sarnthein (1972), Cooke (1987), Dalongeville (1990), 
Lambeck (1996) and Teller et al., (2000). It is considered to have peaked at approxi- 
mately 4 ka BP and then retreated by slightly over 2 m, until recent rises of 80 cm in 
the last century due to global warming (Edgell, 2000a). 

Later in the Early Holocene, a wetter interval occurred in Arabia from 9.5 to 5.5 
ka (Preusser et al., 2002), or 10.5-6.0 ka (Burns et al., 2001; Fleitmann et al., 
2003b), or from about 12-5 ka (Fleitmann et al., 2004b). In southern Arabia, the 
Climatic Optimum was reached at 8-7 ka BP (Edens and Wilkinson, 1998). The 
Holocene wetter phase in Arabia and north-eastern Africa was of different dura- 
tion in various places (Overpeck et al., 1996), and their diagrammatic map has 
been extended for Arabia by Fleitmann et al., (2004b). The Star Cave and others 
in central and northern Saudi Arabia was dry throughout the Holocene indicating 
that the SW Monsoon did not extend farther north than approximately lat. 23-24° N 
(Fleitmann et al., 2004b). Results of ages for the Early to Middle Holocene wet 
interval from different localities in Arabia are summarized in Fig. 20.5. 
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Fig. 20.4 Rise of sea level in the Persian Gulf during the Holocene and Late Pleistocene. 
Upper and lower solid lines are maximum and minimum values worldwide. Dashed line 
from Clark (1977) for Bandar Abbas. Detailed (wavy) curve for Persian Gulf (Kassler, 
1973) with the x in a square representing a freshwater peat dated at 9,910 + 110 years 
BP by Godwin et al., (1958). Stippled area applies to raised shorelines of the Arabian coast 
in Middle Holocene [After Cooke G.A.,1987. Reconstruction of the Holocene Coastline of 
Mesopotamia, Geoarchaeology, Vol. 2, No. 1, 15-28. Reproduced with kind Permission of 
John Wiley and Sons]. 
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Fig. 20.5 Duration of the Early to Middle Holocene, semi-arid, wetter interval at locali- 
ties in Arabia. Ages are given in thousands of years (Ka). References in accompanying text. 


Various values for the Early to Middle Holocene wetter interval correspond 
broadly with the so-called ‘Neolithic Wet Phase’ from 9 to 6 ka recognized in the 
‘Water Atlas of Saudi Arabia’ (1984). This mild interval is also known as the 
‘Climatic Optimum’. 14C dates from lake beds between dunes in the south-western 
Rub‘ al Khali range from 9.6 to 5.8 ka, while speleothem dates for caves in the As 
Sulb area of NE Saudi Arabia are from 9.4 to 5.66 (Rauert, 1988). From lake beds 
between dunes of An Nafud, Whitney et al., (1983) obtained !4C dates from 8.4 
+ 0.9 to 5.28 + 0.1 ka, which generally agree with the timing of lake beds in the 
SW Rub‘ al Khali. Speleothems dated from Qunf and Defore caves in Dhofar show 
that wet conditions existed there from 10 to 6.2 ka (Fleitmann, 2002a), and wet 
conditions in the Hoti Cave of northern Oman from 10 to 6.5 ka (Fleitmann et al., 
2003b). Wet conditions in the northern Red Sea were recorded from 10 to 6.5 ka, 
who state that the moisture is from Mediterranean sources (Arz et al., 2001). 
Fluvial conditions apparently prevailed in Al Harmaliyah area, amongst the cen- 
tral Arabian escarpments, where OSL dates for alluvial fans range from 10 to 5 ka 
(Al-Juaidi et al., 2003b). Freshwater gastropods from lacustrine beds in Wadi al 
Luhy, near Wadi Hanifah, gave a radiocarbon age of 8.4 + 0.14 ka (H6tzl et al., 
1978e). Lacustrine deposits have been noted in the Dhamar highlands of interior 
northern Yemen, as well as peat deposits dated by radiocarbon from 9.26 + 0.04 
to 6.43 + 0.04 ka (Davies, 2003b). In the Ramlat as Sab’atayn, an early phase of 
flooding occurred from 8.8 to 7.8 ka followed by lacustrine development from 7.8 
to 7.2 ka (Lézine et al., 1998), although the pollen from the lake beds suggest that 
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vegetation in the region was already of a semi-desert type. The above isotopic data 
from various parts of Arabia confirm the widespread and virtually synchronous 
nature of the ‘Neolithic Wet Phase’ from ~10 to ~5.5 ka. In the valley of the 
Upper Euphrates, the 1st Terrace contains Neolithic implements (Ponikarov et al., 
1967) and coincides with this wetter period, as also the 1st Terrace on the Nahr 
al Asi in northern Syria (Bridgland et al., 2003). While this wetter interval from 
~10 to ~5.5 ka is sometimes called ‘pluvial,’ evidence from fossil plants found in 
lake beds of the SW Rub‘ al Khali indicates that it was only semi-arid interval of 
increased rainfall, with much of the area becoming grassland. Pollen of Tamarix, 
Typha, Plantago, and numerous phytoliths typical of grasses, have been found in 
these Early Holocene lake beds, as well as the remains of gazelle, oryx, wild cattle 
and water buffalo (McClure, 1984; Mandaville, 1986). In the far north-eastern 
corner of the Rub‘ al Khali, the Early Holocene also showed savannah grassland 
development with Acacia and Prosopsis, while phytoliths of the Pooidae type indi- 
cate cool temperate conditions (Parker et al., 2003b). Similar conclusions about 
the climate of the Early Holocene lake deposits between dunes in An Nafud were 
reached by Schulz and Whitney (1986), who found a clear predominance of 
pollen belonging to the Graminae and Cyperaceae with only tree pollen of Acacia, 
Maerua, Balanites and Hyphaene. These indicate grassland to semi-desert environ- 
ment in An Nafud during this wetter period, while the only roots were those of 
reed plants Phragmites and Typha. Neolithic sites in the south-western Rub‘ al 
Khali from 5.5 to 5.0 ka have been described by Zeuner (1954), so that the cli- 
mate at the end of the ‘Neolithic Wet Phase’ still enabled Man to live in what is 
now a very arid area. The Holocene Climatic Optimum is placed between ~8.6 
and 4.3 ka (Johnsen et al., 2001). Bifacial stone tools, which have been finely 
pressure-flaked, like those noted by Zeuner (1954), are widespread in southern 
and eastern Arabia during the interval 7 to 5.1 ka (Potts, 2001a), indicating a 
moister, more tolerable climate. 

The return to arid conditions began around 6 ka BP, and extended to 2.5 ka, 
as noted by Cole et al., (2001) in the Hadramawt. In the northern Rub‘ al Khali, 
this arid phase has been placed from 6 to 2 ka on the clustering of luminescence 
dates (Lancaster et al., 2003), and in the Ramlat Al Wahibah an arid interval 
has been noted at 2 ka (Preusser et al., 2002). OSL dating of a 72 m cored inter- 
val in Al Liwa’ dunefield of the northern Rub‘ al Khali indicates constant dune 
sedimentation at the rate of 4.7 m/ka between 6.8 and 3 ka BP (Bray and 
Stokes, 2003), although they stress that the onset of aridity was 6.0 ka BP, and 
suggest that most dune development in the entire Rub‘ al Khali was relatively 
young. Since only 121 m of dune have been cored for OSL dating in Al Liwa’, 
and some megabarchans in the nearby ‘Uruq al Mu’taridah stand up to 230 m 
above the shuquq, about twice the thickness cored, one can safely assume that 
most of these megabarchans accumulated in the Late Pleistocene. Based on 
high-resolution marine palaeoclimate records from the northern Red Sea and 
Gulf of Aqaba, pulses of aridity were found specifically at 5.1 ka, 4.5 ka, 3.8 ka 
and 2.7 ka (Arz and Patzold, 2000), while they conclude that the climate 
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became more humid after 2 ka. Wetter conditions suggested by high lake levels 
have been noted in the Dead Sea from 3.3 to 3.2 ka (Frumkin and Elitzur, 
2002). A study of Middle to Late Holocene sea level variations in the Persian 
Gulf suggests higher levels +1 to +1.2 m from 6.2 to 5.5 ka, lowered sea level — 
1 mor more from 4.8 to 4.3 ka, higher again to+1.5 m from 4.0 to 3.5 ka, with 
other high sea stands from 3.0 to 2.6 ka and 1.5-1.0 ka (Dalongeville, 1990). 
Sea level continued to rise along the shores of the Persian Gulf, and was +1 m 
at 4.5 ka reaching +3 m at 4 ka (Cooke, 1987; Evans et al., 2002), although 
Williams and Walkden (2002) indicate that it peaked at +2 m some 5.5 ka BP. 
This lead to incursion of the sea in low-lying areas of the UAE, Qatar and north- 
eastern Saudi Arabia initiating the ‘classical’ areas of coastal sabkhah 
described there (Evans et al., 1964; Kendall and Skipwith, 1968, 1969; Butler, 
1969; Evans et al., 1969; Kinsman, 1969; Bush, 1973; Barth, 2002b). A short 
arid interval took place 4.2 ka BP, abruptly ending the Akkadian Empire in 
northern Mesopotamia and covering Tall (Tell) Leilan with dust (Cullen and 
deMenocal, 2000). This arid interval was also noted in cores from the Gulf of 
Oman (Sirocko, 1996). Although it has been maintained that the climate in 
Southern Arabia remained arid for the last 6 ka (McClure, 1984), there is clear 
evidence of intervening less arid intervals. These are apparent from isotope dat- 
ing of speleothems from the Qunf Cave in Dhofar at 5.75 + 100 ka, 4.9 + 0.14 
ka, 4.38 + 0.2 ka, 4.37 0.1 ka, 3.79 + 0.138 ka, 3.74 + 0.13 ka, 3.01 + 0.06 
ka and 510 + 0.03 (Fleitmann et al., 2001b). In As Summan Cave B 6-3, in As 
Sulb area of NE Saudi Arabia, sinter was dated at 1.74 + 0.14 ka (Geyh and 
Henning, 1988). Oxygen isotope studies of beach rock in the northern Red Sea 
and Gulf of Aqaba also indicate cooler water conditions from 7.07 + 0.38 to 
2.62 + 0.23 ka associated with the Flandrian rise in sea level of +2 m 
(Friedman, 2005). In the megabarchans of Al Liwa’, total reconstruction 
occurred in an interval of desiccation at 2.8 ka, with as much as 50 m of dune 
sediment deposited over a matter of centuries (Bray and Stokes, 2003). A moist 
phase is suggested from 2.0 to 1.40 ka when the Sabaean Kingdom flourished 
in Yemen and the west Hadramawt, as well as the Kingdom of Kinda around 
Qaryat Al Fau (Al-Ansary, 1982) from where an ESR dated tooth (Hefne et al., 
2002) has yielded an age of 2 ka (4 AD). Evidence of a dry arid interval from 
1.1 to 0.9 ka appears in the Gulf of Aqaba core (Core GeoB 5804-4) examined 
by Arz and Patzold (2000), and in a dune at Idhn in the eastern UAE with a 
maximum age of 1.09 + 0.05 ka (Goudie et al., 2000). The ‘Hofuf River’, or 
Aftan River (Golding, 1984), flowed intermittently between 0.9 and 0.7 ka sug- 
gesting moister conditions, as it was noted by Yaqut (1220 AD), as well as 
appearing on a 17th century map by Moll and early nineteenth century maps. 
From 1,300 to 690 years BP, Arabia was in the Mediaeval Warm Period. The 
last 685 years has been arid in Arabia resembling present-day conditions, 
except for a cooler dry period corresponding to the European ‘Little Ice Age’ 
from 345 to 685 years BP as shown by annually resolved, high resolution 
speleothem dating from Kahf Defore in Dhofar, southern Oman (Fleitmann 
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et al., 2004a), who place the transition from the Mediaeval Warm Period at 690 
years BP. This is close to 700 years BP, where the author has placed the change 
based on historic data in Fig. 20.7. 

A recent summary of climate changes in southern Arabia based on 6018 
speleothem studies from cave in Oman, Saudi Arabia and Yemen is shown in 
Fig. 20.6. It is interesting to note that the 14C dated interval of lake beds in the 
Rub‘ al Khali from 35 to 20 ka (McClure, 1976, 1984) does not appear on the 
speleothem record of Fleitmann et al., (2004b), although this interval, like other 
comparatively wetter periods, was still semi-arid. 


20.11 A SUMMARY OF LATE CENOZOIC 
PALAEOENVIRONMENTS IN ARABIA 


In summary, the oldest Neogene desert sand dune conditions in Arabia appeared 
in the Middle Miocene followed by widespread grasslands in the Late Miocene, 
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Fig. 20.6 Composite 501° speleothem record for the last 425,000 years in southern 
Arabia, with wetter intervals shown as vertical grey bands. Black dots in the grey bands 
are individual 501° dates from various caves. (Locations for the original coloured dots are 
given in the accompanying CD-ROM). The SPECMAP reflecting global ice volume change, 
appears as a black curve, and MIS stages are given as a horizontal bar. (After Fleitmann 
et al., 2004b, Saudi Geological Survey Open-File Report SGS -OF-2004-8, reproduced with 
kind permission of D. Fleitmann, A. Matter, and J. Pint). 
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Fig. 20.7 A chronology of Quaternary climate and events in Arabia (Revised from 
Edgell 1989a, 2004). 
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although there was already a dry tropical climate in the Early Miocene. 
Outpouring of lava from northern Syria to southern Yemen, especially along the 
western margins of Arabia occurred from Late Oligocene to recent times form- 
ing black lava fields and rough rocky deserts. The Early and Middle Pliocene was 
wet and humid, when drainage systems became well established, and great 
gravel sheets and alluvial fans were formed, including polycyclic quartz sands 
later reworked by the wind as dunes. In Late Pliocene, savannah grassland 
returned. The earliest direct evidence of aeolian dunes in Arabian deserts is from 
An Nafud, where white dunes with giant cross-bedding older than 1.2 Ma occur. 
Early Pleistocene saw the coming of Man to Arabia as early as 1.7 Ma, with 
Oldowan tools at many sites when conditions were relatively wet, although two 
phases of aridity occurred near the end of the Early Pleistocene with evidence of 
of white dunes >1.2 Ma BP in An Nafud, and dunes 800 ka BP in the UAE. The 
Middle Pleistocene was marked by alternating wetter warm and drier cold inter- 
vals, with warm wetter phases from 720 to 670 ka, ~ 560 ka, 428-363 ka, 
390-370 ka, 338-303 ka, 240-230 ka, 220-210 ka and 135-120 ka, mostly 
dated by isotopes from speleothems from caves in southern Yemen, Soqutra, 
southern Saudi Arabia, Dhofar and northern Oman. The drier arid phases can be 
interpolated, and evidences of dunes are found at 354 ka in Oman, and 208 ka 
in the western Emirates, while widespread dunes advanced in the northern Rub‘ 
al Khali between 164 and 129 ka, when sea level fell to -120 m and extensive 
aolianites formed in the Ramlat Al Wahibah from 160-130 ka. Middle 
Pleistocene lake beds formed in southern Jordan at 170, 152 and 135 ka (MIS 
stage 7a-5a). The Late Pleistocene also saw an alternation of warmer wet and 
colder dry intervals. A wet phase occurred at the beginning of Late Pleistocene, 
from 129 to 113 ka, or equivalent to MIS stage 5e, with many cave formations, 
and lake beds in southern Jordan. Aridity followed, and dune sands formed in the 
northern Rub‘ al Khali and the Ramlat Al Wahibah. Then wetter conditions 
returned, from 99 to 64 ka, with lakes again in southern Jordan, and cave sta- 
lagmites in the Paleogene limestones of As Summan Plateau. Arid conditions 
followed with desert dunes in Sinai and the Emirates between 64 and 34 ka, and 
sea level at —80 to —90 m. An extensive milder interval occurred from 34 to 22 
ka, and saw interdune lake beds formed in both the Rub‘ al Khali and An Nafud 
deserts, where Man made unifacial points and scrapers, while Upper Levalloisian 
implements are found on the 2nd Terrace, in the Upper Euphrates valley. Cold 
dry conditions, from 22 to 12 ka, ended the Late Pleistocene, and coincided with 
the Late Wiirm high latitude glaciation. During this Last Glacial Maximum cul- 
minating 18,000 years ago, sea level dropped by 120 m, so that the Persian Gulf 
was dry, and very strong Shamal-type winds again transported vast quantities of 
calcareous sand into the northern Rub‘ al Khali basin. In north-eastern Oman, 
sediments from the Arabian Sea shelf were blown northward by the SW 
Monsoon further contributing to the aolianities of the Wahiba Sands. The last 
11.5 thousand years of the Holocene have seen two main phases The earlier 
phase is the ‘Neolithic Wet Phase’ from ~10 to ~5.5 ka with small interdune 
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lakes in the SW Rub‘ al Khali Desert, An Nafud Desert, Ramlat as Sab’ atayn and 
in Ramlat Al Wahibah, while the last 5.5 ka have been predominantly arid with 
reactivated dunes, except for slightly milder conditions in historic times between 
2,100-1,400 and 1,300—700 years ago. 
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A Glossary of Arabic Terms for 


Abyad 
Aflaj 
Aghwar 
Ahl 


Ahmar 
Ahwar 
Akhwar 
Ain 
Akhdar 
Al 
Amarah 
Anfad 
‘Aqiq 
Ara 
Arid 
Asfar 
Asfila 
‘Asir 
Aswad 
‘Ayn 
Azraq 
Bab 
Badiyah 
Bahr 
Bahriyah 
Balad 
Bandar 


Arabian Deserts 


white (e.g. Jabal Abyad) 

underground irrigation channels [pl. of falaj] 

caves, or caverns in mountains [pl. of ghar] 

extended family, or people of (as in Ramlat Ahl Wahibah mean- 
ing the ‘sands of the tribal family of Wahibah’, usually used for 
tribe as Al as in Ramlat Al Wahibah) 

red (e.g. Jabal al Ahmar) 

marshes, lakes, low-lying areas near rivers [pl. of hawr] 
coastal inlets (pl. of khawr) 

a spring, or pool (e.g. ‘Ain Sarit) [strictly Ayn] 

green, or verdant (e.g. Jabal al Akhdar) 

prefix for a tribe (e.g. Al Murrah, or Al Wahibah) 

stones, or stones erected as a landmark (e.g, Al Amarah) 
large areas of sand dunes [plural of nafud] 

a channel caused by a torrent (e.g. Al ‘Aqiq) 

a hard, raised, open plain, or region (e.g. Wadi Ara) 

a mountain [literally an obstacle in the way] (e.g. Al Arid) 
yellow (e.g. Jabal al Asfar) 

the point where a wadi becomes lost in the sands 

an area of rough terrain (e.g. ‘Asir Highlands) 

black, or dark-coloured (e.g. Ra’s al Aswad) 

a spring, pool where water collects (e.g. Al Ayn) 

blue, or dark-coloured (e.g. Qa‘ al Azraq) 

an entrance, door, gateway (e.g. Bab al Manbab) 

a desert, or empty land (e.g. Badiyat ash Sham) 

a sea, a large expanse of water (e.g. Al Bahr al Ahmar) 

a small inland sea, or lake (e.g. Bahriyat al Hijanah) 

a village, town, or region (e.g. Balad Seet) 

a harbour, port, or anchorage (a Persian word used in Gulf) 
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576 


Barr 
Barchan 


Batin 
Batn 
Bayda’ 


Bayadah 
Bih 
Bilad 
Bir 
Bi'rkhah 
Bitara’ 
Biyar 
Dahl 
Dahna’ 
Darb 
Dawhah 
Dayr 
Dikakah 
Draa 
Duhtl 


Erg 

Falaj 
Falakhah 
Falq 


Fasht 
Faydah 
Fiyad 
Ghaba’ 
Ghadir 
Ghar 
Gharamil 


Gharb 
Gharbi 
Ghawar 


Ghubbah 
Habab 
Habl 
Haboob 


Glossary 


land as opposed to sea (e.g. Barr al Hikman) 

a crescentic dune [a non-Arab word from E. Turkic barghan mean- 
ing progressing] 

a depression, a shallow valley, interior (e.g. Wadi al Batin) 

a hollow or depression (e.g. Batn at Tarfa) 

a desert, wilderness, wasteland, uninhabited [white] (e.g. Al 
Bayda’, Syria) 

white, buff, or pale gold sands [term used by Bedouin] 

a desert (in Eastern Arabic, as in Wadi Brh) 

village, town, or region (e.g. Bilad as Sayt) [pl. of balad] 

a well, or a spring (e.g. Bi’r Hayzan) 

a small well, pool, or cistern (e.g. Bi’rkhat al Mawz) 

the downwind, usually SW end of an ‘irq [Bedouin term] 

wells, or springs (e.g. Biyar Shiqqatal) 

a sinkhole, a cavity in the ground (e.g. Dahl Hit) 

desert, desert of reddish sand (e.g. Ad Dahna’ Desert) 

an entrance, road (e.g. Darb as Salabikh) 

a bay, inlet, or harbour (e.g. Dawhat Zalum) 

a village (e.g. Dayr az Zawr) [literally a monastery] 

hillocks of sand anchored by clumps of vegetation 

a large, linear, sand dune (forearm=straight)[North African] 
sinkholes, cavities in the ground [plural of dahl] (e.g. Rujim 
Duhtl, Syria) 

a North African pronunciation of the Arabic term ‘irq 
underground irrigation channel, running water 

a hollow along the top of an ‘irq (falaqah) [Eastern Arabic] 

a horse-shoe shaped depression in the sand dunes of northern 
Saudi Arabia (e.g. northern and central An Nafud) 

a reef of rock or coral (e.g. Fasht al Jarim) [also fisht] 

a depression often filled by widyan (e.g. Faydat al Mislah) 

several depressions into which widyan flow [pl. of faydah] 

a low depression in the ground (e.g. Faydat al Ghaba’) 

a depression, in which water lies for a long period (e.g. Ghadir Aftan) 
a cave or cavern in mountains (e.g. Ghar al Kahfah) 

a dome dune or conical sand hill [Central Arabia] (e.g. Gharamil 
Ruwala’) 

west (e.g. Faydat al Gharb ash Shamali) 

western (e.g. Al Hajar al Gharbi); also a west wind 

caves or caverns in mountains (e.g. Ghawar Plateau) (pl. of ghar) 
[more correctly Aghwar when not many] 

a gulf or deep-water bay (e.g. Ghubbat al Ghazirah) 

fine dust 

a long tract of high sand dunes (literally rope) 

a strong wind, or gale (strictly habub) 


Hadd 
Hadid 


Hafar 
Hafr 
Hajar 
Hala’ 
Halat 
Hamad 


Hamadah 
Hamarur 
Haradib 
Hardub 
Harrah 
Hawr 
Hawtah 
Hazm 


Hibak 
Hilalr 
Hissi 
Huqnah 
Huqunah 
Hūtah 


Idamah 
‘Irq 
Jabal 
Jadwal 
Jal 
Jandal 
Janub 
Janubi 
Jarf 
Jawb 


Jawf 


Jawl 
Jazā’ir 
Jazīrah 
Jibāl 
Jibān 


Glossary 577 


end, terminus, limit, bar (e.g. Ra’s al Hadd, the easternmost end 
of Arabia) 

iron (as in Al Hadīdah, the locality of the iron-nickel meteorite 
craters in the north-central Rub‘ al Khali) 

a very wide well (e.g. Hafar al Batin) 

a place, which has been dug, a well (e.g. Hafr al Atk) 

a rock, or stone (e.g. Jibal Wabar al Hajar) 

a volcano (N. Arabia); basalt, lava (central Arabia) 

a lava field accessible along tracks (e.g. Halat Ammar) 

a dry, barren, desert region of limestone with earth + flint 
(e.g. Al Hamad) 

a barren, stony plateau or plain (e.g. Al Hamadah) 

red, or deep golden coloured sands (Bedouin term) 

coarse sand waves on a zibar [pl. of hardub] 

a coarse sand wave, as found on a zibar 

broken-up lava flows & volcanic debris (e.g. Harrat Rahat) 

a marsh, or lake (e.g. Hawr al Hammar, southern Iraq) 

a low area, or a depressed area (e.g. Al Hawtah) 

an area of rough stony ground, or a rocky mound or ridge exposed 
in the sands (e.g. Hazm al Jalamid) 

a steak or line in the sands (e.g. Al Hibak area) 

with crescentic dunes (e.g. Qa‘ al Hilali, near Buraydah) 

a low point in stony outcrops, where rain collects 

a crescent-shaped sand dune 

a crescent-shaped hollow in a large sand dune, or barchan 

a gorge between sand ridges, generally with vegetation 
(cf. shiqq) 

hard, level, stony ground (e.g. Wadi Idamah) 

a long, linear, sand dune (e.g. ‘Irq Banban) 

a mountain, or mountain range (e.g. Jabal Tuwayq) 

a small stream (e.g. Wadi al Jadwal) 

a steep slope, an escarpment, a ridge (e.g. Jal az Zor) 

stone, or stones (e.g. Dūmat al Jandal, Al Jawf, NW Arabia) 

the direction South 

southern (e.g. Al Faw al Janūbi) 

a cave, or grotto (e.g. Jarf al Ajla, Syria) 

a depression, or hollow (e.g. Al Jawb, southern Al Jafurah) 

a large, open plain, depressed tract, hollow (e.g. Al Jawf in 
northern Saudi Arabia) 

a plateau (e.g. northern Jawl, Hadramawt) 

islands (e.g. Jaza’ir Farasan) [pl. of Jazirah] 

an island, rarely a peninsula (Jazirat Das) 

mountains (e.g. Ru’us al Jibal) [pl. of Jabal] 

hollows (e.g. Al Jiban, east of Al Jafurah) [pl. of Jawb] 
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Jubayl 
Kahf 
Kawr 
Khabb 
Khabara 


Khabra’ 


Khabub 
Khifqah 
Khait 
Khalt 
Khalij 
Kharayim 


Kharif 


Khashm 
Khawr 
Khiran 
Khuff 
Khuyat 
Kuhuf 
Liwa’ 
Ma’ 
Mada’in 
Ma‘din 
Madinah 
Mafraq 
Mahdar 


Majma‘ah 
Makhttim 
Mamlahah 


Mashbak 
Masilah 
Masqat 
Mawarid 
Maydan 
Milh 
Miyah 


Glossary 


a small mountain 

a cave, grotto, or cavern (e.g. Kahf al Najmah) 

a flat-topped mountain, or mountain (e.g. Al Kawr) 

soft tract of sand between two rugged tracts in a sand massif 
level areas where water collects and stagnates [pl.of khabra] 
(e.g. Khabara al Mahas) 

a level area where water collects (e.g. Khabrat al Hawar) [pl. of 
khabir] 

hollows down the sides of a sand massif or star dune 

a sort of smooth desert + mirage (e.g. Qa’ al Khafqah) 

term for barchans with a steep stoss (Holm 1961) [string] 
empty, uninhabited, deserted (e.g. Rub‘ al Khali) 

a gulf, or bay (e.g. Khalij al Bahrain) 

a gravel surface between ‘uruq and qa ‘a’id (i.e. between high, 
long, linear dunes and sand massifs). Also khara’im (e.g. 
Khara’im al Khaw‘a’) 

the South-West Monsoon wind, a flowing well dug in stones; also 
Autumnal rains 

a promontory on a cliff or mountain (e.g. Khasm Mutarim) 

an inlet, bay (e.g. Khawr al ‘Udayd); also a brackish well 

a region of shallow, brackish wells (e.g. Al Khiran) 

a long, rugged tract of ground (e.g. Jibal Khuff) 

strings, as in strings of barchans with steep back slopes [pl. of khait] 
caves, caverns [pl. of kahf] 

a district, (e.g. Al Liwa’) [used in Iraq for province] 

water 

cities (e.g. Mada’in Salih) 

a mine (e.g. Ma‘din al Atiq, Syria) 

a city (e.g. Al Madinah al Munawwarah) 

a crossroads, junction (e.g. Al Mafraq, Jordan) 

a place with permanent water supply where people stay [literally 
‘a place where people stay’ (e.g. Mahdar Qutuf) 

sands collected together, a barren land (e.g. Al Majma‘ah) 

a wall of sand lying transversely across a shiqq, or al hūtah 

a salt-works, or saline spring (as in Qurayyah sabkhah, or 
Sabkhat Mamlahah) 

a saddle between two adjoining sand massifs, or star dunes 

a place of a flash flood, or sayl (e.g. Wadi Masilah) 

a waterfall 

watering places (e.g. ‘Uruq al Mawarid) 

a square, open space, field (e.g. Maydan Mahzam) 

salt (e.g. Tall al Milh, Jordan) 

waters [pl. of ma’] (e.g. Wadi al Miyah) 


Nabi’ 
Nabkha’ 


Nafd 
Nafūd 
Nahr 
Najaf 
Najd 





Nuhayd 
Qa’ 
Qa‘a’id 
Qa‘tdah 


Qarn 
Qasr 
Qa’tz 
Qizan 
Qu’ 

Quz 
Rabad 
Radfah 
Rakib 
Ramlah 
Ra’s 
Rawdah 


Reg 
Rithima 
Riyad 
Rizan 
Rub‘ 
Ruq‘ah 
Ruttbah 
Ru’us 
Sabkhah 


Sabsab 
Saf’a 
Safiq 
Safra’ 
Safwan 
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name of prophet (e.g. Jabal an Nabi’ Shu‘ayb, Yemen) [named 
after pre-Islamic prophet Shu ‘ayb] 

a hillock, or mound (often of sand anchored by vegetation) 
[similar to dikakah] 

a large sand dune 

a large area of sand dunes (e.g. Nafiid al Mazhur) 

a stream, or river (e.g. Nahr al Khabur) 

a sand dune, or sand-hill 

an upland plateau; hard, rugged or stony tableland (e.g. Najd of 
central Arabian Shield, or najd of interior Dhofar, Oman) 

a small dome-shaped hill (N. Arabia) [e.g. Jabal Nuhaydah] 

a depression, claypan, level enclosed plain (e.g. Qa‘ al Jafr) 

large sand dunes; term for star dunes [pl. of qa ‘idah] 

a large, sand dune (of star dune type); a sand massif, more 
usually detached, from 90 to 200 m high 

a steep, isolated hill, a horn-shaped peak (e.g. Qarn Alam) 

a fort, mansion, stone house (e.g. Qasr Kharana) 

a high, round sand-hill 

high, round, sand hills [pl. of qa‘uz] 

the end of a wadi where it empties into sands 

a sand ridge (also qa’tz) [Bedouin term] 

an area of similar crescentic dunes, or barchans 

a gentle slope of firm sand on the side of a dune [E. Arabia] 

a plateau-like area of elevated sand [S. E. Arabia] 

a tract of sand (e.g. Ramlat as Sab’atayn) 

a headland, promontory, cape (e.g. Ra’s al Hadd) [head] 

an area of sand where water collects, verdant land [garden] 
(e.g. Al Rawdah) 

a desert pavement of small, rounded pebbles [N. African] 

the north-eastern, upwind end of an ‘irq in the Rub‘ al Khali 
areas of sand where water collects (pl. of rawdah) [gardens] 
depressions retaining rainwater [N. Arabia] 

a quarter (e.g. (Rub‘ al Khali, literally the Empty Quarter) 

a patch, as in small gypsum patches (e.g. Ar Ruq‘ah) 

being moist, humid, moisture (e.g. Kahf al Ruttbah) 

headlands, capes, promontories (e.g. Ru’ts al Jibal) [pl. of ra’s] 

a salt encrusted tract of land, salt flat, or salt marsh (e.g. Sabkhat 
ar Riyas) 

barren desert land (e.g. Dahl Sabsab) 

stones, or smooth stones (e.g. As Safa) 

a steep slope of a sand dune [used in S.E. Arabia] 

yellow [fem.] (e.g. Safra’ as Sark) 

rock, stone (e.g. Wadi Safwan) 
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Sahil 
Sahil 
Sahl 
Sahmah 
Sahra’ 
Sanam 
Saruq 
Sawwan 
Sayhad 
Sayl 
Serir 
Sha‘ib 


Shamal 
Shamali 
Shaqra’ 
Sharm 
Sharq 
Sharqi 
Shatt 
Shinsūb 
Shiqq 
Shuqrā’ 
Shuqūq 
Shurūm 
Sibākh 
Sinin 
Sinsin 
Siq 


Sirr 
Suhaili 
Suhūl 
Summ 
Sumum 


Ta‘as 
Tall 

Tar’ awza 
Ta’us 
Tawil 
Tih 
Tihamah 
Tulūl 
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the seashore, coast (e.g. Sāhil Jazir) 

the steep side of a dune with sand at maximum repose angle 

a smooth, level, soft plain (e.g. Sahl Rukbah) 

a gravel flat among sand dunes (e.g. As Sahmah, NW Rub‘ al Khali) 
a desert, waste, or flat plain (e.g. Sahra’ as Suwan) 

a high elevated part of land or sands (e.g. As Sanam) 

a low area between sand dunes, interdune [E. Arabia] 

a plain with small, black, gravel stones [used in Syria] 

an old name for the Ramlat as Sab’atayn Desert 

a flash flood, or torrent in a wadi 

a desert pavement of coarse rounded pebbles [N. African] 

a small watercourse, ravine (e.g.Sha‘ib al Fulayj al Shamali, 
Sha‘ib Nisah) widely used in Saudi Arabia [literally shi‘b] 

North; also the northerly wind 

northern (e.g. Jabal Shamali) 

reddish coloured (e.g. Ash Shaqra’, N.E. Saudi Arabia) 

a creek, or coastal inlet (e.g. Sharm Rabigh) 

East 

eastern, easterly (e.g. Al Hajar ash Sharqi) 

an inlet, bank, salt depression (e.g. Shatt al Arab) 

a sand peak, either large or small 

an interdune, a wide, flat area between sand dune ridges 

reddish coloured (e.g. Shuqra’, Yemen) 

interdunes [pl. of Shiqq] 

coastal inlets [pl. of sharm] 

salt flats, salt encrusted areas (pl. of sabkhah) 

conical peaked sand dune 

brink, or razor edge along the top of an ‘irq, or khait dune 
corridor, passage, strait (e.g. especially the Siq of Petra at Wadi 
Musa) 

the low part of a valley (e.g. Nafud as Sirr) 

a short-lived, south-westerly wind from Africa 

plains, or soft level ground (e.g. Suhil az Zafra)[pl. of sahl] 
poison (e.g. Sabkhat as Summ) 

poisons (e.g. Umm as Samim, ‘Mother of Poisons’, Oman) [literally 
sumum| also for ‘the poison wind’ (commonly referred to as ‘simoom’) 
a high sand dune, usually crescentic, megabarchan 

a mound, or small hill (e.g. Tall at Tleileh) 

dominant, single-peaked star dunes, or qa‘idah [Bedouin] 

high sand dunes, usually crescentic, or megabarchans 

a tall peak forming a landmark (e.g. Qalamat at Tawil) 

a wilderness, desert (e.g. Jabal at Trh) [literally to get lost] 

a coastal lowland along the Red Sea (e.g. Tihamat Asir) 

small hills [pl. of tall] (e.g. Tull as Safa) 


Tu‘ts 
Tus 
Umm 
‘Urayq 
‘Uraq 
‘Uyun 
Wadi 
Widyan 
Yamin 
Yanbu‘ 
Zarqa‘ 
Zawr 
Zibar 
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variant of Ta‘us (e.g. Tu‘ts Turabah, E. An Nafud Desert) 

a high sand dune (central Arabia) 

Mother, the greatest, or a desert (e.g. Umm az Zimal, UAE) 

a small sand dune ridge (e.g. ‘Urayq as Subay) 

long, high, linear sand dunes (e.g. ‘Uruq al Qa‘amiyat) 

springs (e.g. ‘Uyūn al Aflaj) 

a non-perennial watercourse (e.g. Wadi ar Rimah) 
non-perennial watercourses (as in Al Widyan Plateau) 

the location on the right; the South 

a spring, source, or well (e.g. Yanbu‘ al Bahr) 

fem. of azraq [blue] (e.g. Wadi az Zarqa‘) 

a peninsula; a long range of hills (e.g. Ra’s az Zawr) 

low ridges of coarse sand with hard surface, 8—10 per km, forming 
rolling terrain (often found in interdunes of Rub‘ al Khali Desert 
[also zibarah, zabarrah, zabbarat] 
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Al Mundafan, 129, 140, 212, 237, 316, 
358 

Al Qa’amiyat, 142, 155 

Al Qamishli, 343 

Al Qashaniyah, 193, 194, 283 

Al Qurnah, 405 

Al Qunfudhah, 279, 281, 284 

Al ‘Ula, 110, 112 

Al ‘Ugayr, 237, 396, 408 

Al Wajh, 385 

Al Zahra, 401 

An Najaf, 195, 429 

An Nafud, 16, 17, 20, 21, 27, 36, 38, 39, 
43, 56, 65, 72, 80-82, 125, 143-51, 
235, 237, 248-54, 501, 506 

An Nasariyah, 195, 196, 405 

Anti-Lebanon, 23, 447, 456, 460 

Arabian Sea, 259, 294, 407, 503 

Arayn, 158 

Arzaneh Is., 417, 422 

Ash Shamiyah Desert, 27, 92, 167, 194, 
260, 284, 296 

Ash Sharawrah, 84, 134 

Ash Shaybah, 51, 53, 84, 123, 136, 236 

Ash Shifa’, 23, 24 

Ash Shuqqan, 135, 216, 236 

Ash Shuwayhitiyah, 370 
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As Sayhad, 157 

As Seeb, 453 

As Sulayyil, 110, 112, 183, 376 

As Sulb, 443, 466, 505 

As Summan, 16, 19, 150, 301, 319, 322, 
427, 442, 466, 510 

Ataq, 161 

At Ta'if, 438, 496 

Auhha Is., 415, 419 

Ayadim, 158 

Ayn al Juwayri, 105, 167, 185-87 

Ayn Khuddud, 110 

Az Zallaq, 396 

Az Zubbarah, 396 
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Bab al Mandab, 59, 341, 497 
Badiet ash Sham, 22 
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Baiji Desert, 167, 196, 260, 284 
Bahla, 115, 116 

Bahra, 415 

Bahrain, 396, 417, 419 
Bahriyat al Aateibah, 365 
Bahriyat al Hijaneh, 365 

Balad Sayt, 117 

Bandar Abbas, 504 

Bani Khatmah—Al Munbatih scarp, 127 
Barr al Hikman, 401-02 
Barqan, 425 

Batinah coast, 26, 47, 78, 102 
Beersheeba (Bir as Saba), 189, 305 
Beka’a, 25 

Bidbid, 116 

Bi’r Hayzan, 380 

Birkhat al Mawz, 115 

Bubiyan Is., 241, 402, 416, 417 
Bu Hasa, 237 

Buraimi, 113, 114 

Buraydah, 112, 253, 319, 381 


C 


Central Arabian escarpments, 263, 319, 
505 
Chami Plateau, 22, 441 


D 


Dahagq, 102, 104, 119 

Dahl Hit, 20 

Dalma Is., 422 

Damascus (Dimashq), 365, 367, 371 

Dank, 115 

Das Island, 14, 417 

Dawkhah (Dauka), 102, 279 

Dawmat al Jandl, 112, 370 

Dawhat Bilbul, 416 

Dawhat ad Dafi, 399 

Dawhat Manifa, 416 

Dawhat ash Shusha, 425 

Dawhat Sulayq, 417 

Dawhat as Sumaira, 94, 98, 318 

Dawhat az Zalum, 98, 154, 204, 257, 
397 

Dead Sea, 65, 93, 108, 361, 362 

Deir az Zor (Zawr), 346, 457 

Dhahaban, 389 

Dhaid, 113, 114 


Dhofar, 49, 57-58, 73, 75, 298-301 
interior plains, 298 
mountains, 219, 224, 231 

Diret at Touloul, 345 

Douara Cave, 491 

Dubai, 282, 290 

Dukhan, 396, 419 

Duhul, 18 


E 


Eastern Desert (Jordan), 362, 364 
East Jordanian Plateau, 227, 302-08 
El Arish, 189 

Elphinstone Inlet, 413, 450 

El Qatrana, 325 

El Tih Plateau, 350 


F 


Failakah Is., 14, 414, 415, 417-19 
Farasan islands, 14, 423 

Faydat al Mislah, 358 

Feiran Oasis, 305 


G 


Garzaz, 118, 119 

Ghadir Burqu, 364 

Gharandal—Taba dunefield, 191 
Gharzawt, 423 

Ghawar, 38, 154, 317, 416, 
Ghawar-Shedgum Plateau, 443, 445 
Ghubbat al Ghazirah, 413, 450 
Ghubbat ash Shabus, 414 

Greater Burgan, 415 

Great Nafud, see An Nafud 20-22, 65, 


125, 143, 144, 147, 150, 152, 161, 


173, 193, 194, 229, 248, 251-53, 
325 
Gulf of Aqaba, 150, 349, 384, 390 
Gulf of Bahrain, 242, 391 
Gulf of Salwah, 95, 243, 318 
Gulf of Suez, 284, 305 


H 


Hadabat Qudhlah, 319 

Hadramawt, 73, 119, 257, 291, 349, 377 
—Plateau, 158, 257, 310, 430-34 
-Dhofar Arch, 18, 21, 22 
—Dhofar Plateau, 21, 25 
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Hadrukh Formation, 244, 251, 401, 
415 

Hafar al ‘Atk, 322 

Hafr al Batin, 322 

Halab (Aleppo), 25, 346, 381 

Hallaniyah Is., 423 

Hama, 25 

Hamad, 99 

Hamadah, 20, 67, 121, 309 

Hail, 110, 442 

Hamasa, 115 

Hamran, 119 

Hanash al Kabir, 423 

Hanash as Saghir, 423 

Hanun, 74, 118 

Ha Rikat, 184 

Harrah of Jordan, 347 

Harrah of Saudi Arabia, 327 

Harrah of Syria, 343 

Harrah of Yemen, 338 

Harrat Arhab, 342 

Harrat Bai Abdallah, 306 

Harrat al Birk, 337 

Harrat al Buqm, 335 

Harrat ad Dhamar, 20, 342 

Harrat Hadan, 334 

Harrat al Hayil, 337 

Harrat Hirmah, 332 

Harrat Hutaymah, 252, 307 

Harrat al Ithnayn, 331 

Harrat Khaybar, 319, 327-332 

Harrat Khisb, 306, 319, 333-36, 
358 

Harrat Kura, 331 

Harrat Kurama, 332, 357 

Harrat Lunayyir, 330 

Harrat an Nawasif, 178 

Harrat ar Rahah, 329, 439 

Harrat Rahat, 100, 306-334, 357 

Harrat Rashid, 334 

Harrat ash Shaba, 347 

Harrat ash Shamah (Harrah), 22, 27, 34, 
123, 325, 327, 329, 356, 364, 428, 
429 

Harrat as Sarat, 337 

Harrat as Sawad, 341 

Harrat Sirwah—Ma’rib, 343 

Harrat al Uwayrid, 329, 330 
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Hasik, 118 

Hauran, 21, 343, 346-47, 361 
Hawmat an Niqan, 153 

Hawr al Hammar, 96, 322, 368 
Hawr al Hawizeh, 78 

Hazm al Jalamid, 443 

Hilli, 114 

Hishmah Plateau, 21, 439 
Hofuf River, 78, 97-99, 371 
Holot Aghur, 190 

Holot Haluza, 190 

Hoti Cave, 499, 501 

Hovav Plateau, 305 

Huqqa flow, 307 
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Ibra, 115 

Ibri, 101 

‘Igma Plateau, 241 

‘Irq Banban, 169 

‘Irq al Mazhur, 174, 252 
‘Irq al Kharaym, 251 

‘Irq as Subay, 178 

‘Irq al Wadi, 167, 183, 255 
Izki, 102 


J 

Jabal ‘Abd al ‘Aziz, 23, 430, 447, 460 
Jabal Abayd, 331-32 

Jabal at Tayr, 425 

Jabal Akhdar, 23, 102, 115, 291, 448 
Jabal Ansariyeh (see Jabal Nusayriyah) 23 
Jabal Areys, 76 

Jabal Barakah, 234 

Jabal Barouk, 24, 460 

Jabal Bil’as, 457 

Jabal Bishri, 346, 457 

Jabal Buweida, 457 

Jabal ad Dukhan, 15, 419 

Jabal ad Druze, 325, 343, 345, 347, 429 
Jabl ad Druze—Hauran Plateau, 21, 22 
Jabal ad Druze—Harrat al Harrah, 34 
Jabal Fru Talat al Olab, 346 

Jabal Hafit, 113 

Jabal Haggier, 423 

Jabal Halwa (Hilwa), 419 

Jabal Hirmah, 312 

Jabal ‘Igma,440 
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Jabal ‘Ja’alan, 101 

Jabal Jeribe, 458 

Jabal Katherina, 350 

Jabal Khamis, 101 

Jabal Khatariq, 175-76 

Jabal Kum, 455 

Jabal al Lawz, 23, 74, 439, 452 

Jabal Ma’alula, 457 

Jabal al Maqawi, 175 

Jabal an Nabia Shu’ayb, 23, 450 

Jabal an Nasrani, 457 

Jabal Niha, 460 

Jabal an Nusayriyah, 23, 24 

JabalQamar, 58, 103, 118, 432, 436 

Jabal Qara, 3, 57, 58, 75, 247, 308 

Jabal Qaragir, 113 

Jabal Qidr, 331, 332, 336 

Jabal Salman, 15 

Jabal Samhan, 22, 26, 58, 103,118, 
432, 434, 435, 493-94 

Jabal as Sarat, 17, 20, 337, 338, 495 

Jabal as Sawdah, 23, 178, 433, 452, 454 

Jabal Sha’ir, 457 

Jabal Shamah, 347 

Jabal Shamali, 495 

Jabal ash Shayk, 367, 460, 462 

Jabal ash Shumariyeh, 457 

Jabal Sinjar, 23, 25, 447, 458-60 

Jabal Tuwaygq, 94, 319, 371, 380, 407, 
447,453 

Jabal Umm Himar, 17 

Jal az Zor, 12, 14, 358, 360, 402 

Jazair Farasan, 14, 389 

Jazirah Plains, 17, 23, 298, 326 

Jordanian Highlands, 193 

Jordanian Plateau, East, 441-42 

Jordan River, 93-94, 361 

Jerf al Ajla Cave, 490 

Jurf ad Darawish, 18 
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Kamaran Is., 14, 385, 387, 423 
Karan Is., 14 

Karun River, 241, 242, 405 
Khabb Sahha, 237 

Khabra’ al Arn, 358 

Khabra’ al Hawar, 358 

Khabra’ Khafta, 361 


Khabra’ Mechqaigqa, 361 

Khabra’ Merfia, 361 

Khabra’ Mredifa, 361 

Khabra’ al Mutla, 360 

Khabra’ az Za’qlah, 360 

Khabra’ Saryed, 361 

Khabra’ as Sib, 361 

Khabra’ Tennf, 361 

Khabarat al Burgur, 359, 360 

Khabarat Abd Al Husain, 382, 383 

Khabur area, 92, 323 

Khamsin, 53, 56, 65, 144, 299 

Kharif, 51, 52, 54, 57-59, 65, 118, 119, 
423 

Khasab, 102 

Khashm Birk, 320 

Khasm al Juwayfah, 180 

Khasm Mutarim, 183 

Khasm Umm Humaidh, 318 

Khawr Abdallah, 416, 418 

Khawr Abu Karwa, 410 

Khawr Abu as Saba, 408 

Khawr Ajman, 411 

Khawr Amaya, 242 

Khawr Baghl, 410 

Khawr Barr al Hikman, 401 

Khawr al Batin, 410 

Khawr Bubiyan, 418 

Khawr Dhirif, 390, 391 

Khawr Dubai, 101, 411 

Khawr Fakkan, 49, 101 

Khawr Faridah, 410 

Khawr Ghalifiqah, 403 

Khawr Ghubb Ali, 414 

Khawr al Khaimah, 100, 101, 409-410 

Khawr Khasaibi, 411, 413 

Khawr Habalayn, 413, 414, 450 

Khawr Mugsayl, 407, 408 

Khawr Musharrabah, 416, 417 

Khawr Qantur, 410 

Khawr Qidah, 413 

Khawr Qirgishan, 410 

Khawr Ruri (Rori), 407-08 

Khawr as Sabiyah, 418 

Khawr as Sa’diyat, 410 

Khawr ash Shamm, 413, 453 

Khawr ash Sharjah, 411 

Khawr al Udayd, 187, 188, 394 
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Khawr Umm Qasr, 416 

Khawr Umm al Quwain, 101, 411 

Kuwait, 85, 154, 260, 283, 295, 301, 
391, 414 

Kuwait—Al Hasa coastal plain, 154 

Kuwait Bay, 391 


L 

Laawan, 57 

Lake Lisan, 361, 501, 502 

Lake Tiberias, 93, 94 

Lidam escarpment, 444 

Little Aden, 341, 342 

Liwa’ (see Al Liwa), 51, 63, 113,114, 
117, 136, 137, 141, 204, 206, 222, 
231, 234, 235, 237, 241, 248, 275, 
282, 474, 500-502, 506, 507 
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Ma’amourah, 119 

Ma’aqala, 16, 152, 154, 236, 251, 444, 
466 

Machghara, 462 

Mada’in Salih, 66, 67 

Majlis al Jihn Cave, 18 

Magwa, 414 

Mahattat ar Ramlah, 192 

Mahra, 25, 27, 73, 74, 105, 119 

Makran, 32 

Manah, 115 

Manifa, 415-17 

Manik, 287 

Mahram Bilqis, 161, 162 

Mamlaha, 396, 500 

Mamlahat al Mumattalah, 396 

Marbakh, 208 

Ma’rib, 26, 27, 119, 121, 127 

Ma’rib—Al Jawaf Basin, 106 

Ma’rib—Al Jawaf Plateau, 26 
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